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Some New or Noteworthy Industrial Raw 
Materials of Plant Origin’ 


In this selective review of surveys made by the Georgia 
Institute of Technology, attention is drawn to some new 
or as yet little-exploited sources of fats, oils, waxes, gums, 
resins and oleoresins that may some day become impor- 
tant supplements to the longer established sources of 
these industrially valuable plant extractives. 


WH 

Fats and Oils 
The world’s 1951] production of the 
principal fats, oils, and oilseeds—all in 
terms of fats and oils—has been esti- 
mated at a record 25,850,000 tons, ac- 


the Foreign Agricultura! 
For the first time since World 
War II the output of fats and oils was 
sufficient to restore the per capita sup- 


cording to 


service. 


ply to approximately the prewar level 
According to latest figures, the United 
States is now the largest single source of 
surplus fats and oils, exports of soybean 
and cottonseed oils being especially im- 
This to 
the production of six widely used oil- 


portant country contributes 
seed crops, and very heavily to three of 
soybean, flaxseed. In 


peanut, tung 


them—cottonseed 


recent years three others 


1 Under the general title “ Industrial Raw 
Materials of Plant Origin”, five bulletins have 
been issued by the Engineering Experiment 
Station C,eorgia Institute ol Technology 
The work reported upon in these publications 
was sponsored by the Section of Plant Intro 
duction, Agricultural Research Service, United 
States Department of Agriculture, through 
funds of the Research and Marketing Act of 
1946. The present digest is a somewhat revised 
selective summary of Bulletins 13 (1 tecent 
Dy velopments in Fixed Vegetabl Fats and 
Oils) and 15 (II Recent Deve opment in 
Vegetable Waxes, Gums, and Resins), authored 
by T. A. Wastler, P. M. Daugherty, and H. H 
Sineath, and issued in 1952 and 1953 

“Section of Plant Introduction Plant Indus- 
try Station, Beltsville Mary ind 


ele 
olive have become increasingly Hipor- 
tant. In 1952, for the first time, the 
United States produced a significant 
quantity of a seventh oil crop—castor 
beans 


In recent years domesti production of 


castor beans has been inc reasing so that 


now about one-seventh of the United 
States requirements is furnished by 
farms in California Arizona, ‘Texas, 
Oklahoma, and neighboring States, De 


velopment of domestic supplies has been 
successful 


North 


condi 


greatly dependent 


breeding ol 


upon trie 


Varieties suitable to 


American economic and edaphis 


tions Considerable progress in this di- 
rection has been made by the United 
States Department ol Agriculture which 


has it pt wram to encourage the produc 


tion of castor beans in this country. For 


1952 castor beans were produced unr e1 
the program on about 200,000 acres in 
areas within the states of Arizona \r 
kansas California Oklahoma and 
Texas 

Karly in 1952, at the request of the 
Munitions Board, a program intended 


I 


to develop a domestic sup 


ply of 34 mil 


lion pounds of castor oil was undertaken 
This program involved plantings of 76 
OOO acres of castor, 75 percent of which 
was allocated to Texas and Oklahoma 
Phese plantings should yield about 40 
OOO tons of castor seed and about 34 
million pounds of oil, or about one-third 
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ee! vi ri 


ind is likely to continue so in the tuture 


Whether or not domestic casto Peni 


enn compete ay thie open market wath 


i 


mpoorted bean Oo be determined 
; } 


it 8 also unknown Whether castor beans 


on co 


material is Wa 
istant 
Black Spruce Oil 

(Mill.) BSP.) An est 


ion pound Ol 1) ick “pruce 0) ire 


ind waterprool (3) 
(pP Céd 


nated 


ma ana 


ve mi 
available inl ‘ily i! 
row 
perl ithe 
wmount Of this, al 
ol 


ol borny| acetate 


found. Black spruce oil is one the 


richest natural soures 


ind miay iso or evntheti 
(34) 

Gokhru Oil 
Gokhru, f 


promising 


{ tinipel ol 
{ Tril ilu 


ron India has 


mentioned 


lerresty 
peen 
ith oil 


as it sOures a] 


said 1o 
ng properties Ihe 
it SOO to 600 pounds 


semidry Ing 


have excellent dryi 
timated 


(30 pereent oils) pel 


ner high in phosphorus 
and (4) 
Grapeseed Oil (Vitis: 


oil pressed from the seed of 


nitrogen 


Wihe gi thy ~ 


has been used in the paint industry in 
Italy for 20 years and could probably 
be made available in this country It 
could play an important role in the pre 
tective coatings industry when other 
fatty oils are seares he oi] has a 
slightly higher viscosity than linseed oil 
and, when pigmented with zine oxide, 
yields paints of better moisture im- 
pedance than corresponding linseed oi] 
paints (6) 


Kamela Oil 


(J 1.) Muell Arg.) Indian scientists 
ire investigating kamela ol which | 

adtobvea Ipstitute or tung ol Phi 
0 extracted trom the seeds of the 
kamela tree, dries to a natural wrinkle 
finish without application of heat. It 1 
renerally better than tung oil, and the 
eed nas an ol content ol ibout Ht) per- 
cent The glandular iirs Of the truit 
vield a well-known orange-red perma 
ent dy¢ Previous «de velopment as ! 
oil crop has beer umpered by the ol 
extraction process involving expensive 
organic solvents (7, 16) 

Mowrah Oil (Madhuca spp.) Phi 
seeds of the Indian species Vadhuca 
longifolia (1...) Coville and M, indica 
(;mel. are the sources of this oil \low 
rah oil has drawbacks for edible pur- 
poses—high acidity, deep color, un 
pleasant odor high unsaponifiable 


Alcohol however. 


resuits 1n an improved product 


content refining, 
and hy- 
drogenation of the refined oil gives prod 
ucts similar to mutton tallow and cocoa 
(4) 

Nim (Neem) Oil (Azadirachta indica 
(L This oil 


seeds of a tree of India and ¢ eylon com- 


butter 
obtained from the 


) Juss.) 


pares favorably with other vegetable oils 


and, when hydrogenated, can be used for 
making high-grade soups O! high-melt- 
ing stearins (4) It also contains a 
readily extractable bitter principle ol 


pharmaceutical interest (8) 
Pisa Fat, Khakan (Kokum) and 


Phulwar Oils. Studies of Indian pisa 


fat, taken from the seeds of the pisa tree 
(Actinodaphne hookeri Meissn.), as a 
possible substitute for coconut oil indi- 
cate that the mixed latty acid of the 


kernel fat is 96 percent laurie acid and 
The seed has a 


outel 


ur perce nt ole ith acid 


kernel rich in fat and an covering 


Av- 
erage samples of the seed yield 48 per- 


which is removed before crushing 


cent fat by solvent extraction, or 32 per- 
The 


matter and 


seed 


cent lat by hot expression 
31 


contains percent foreign 


( x peres moisture 24) Re este l ed State e found 
ee ene ( in India 0 dicated prot rele ow ‘ ‘ i en 
it | iki ind phulwar o cul ( er a ro il} ‘ willie’ 

" Nace coconu ( “0 rik 4) i eture ‘ ound 
Khakan oil is obtained fre the si ood qu ( e develo 
black seeds of Garcinia ind (Thou 0 ev flows 

, derived trom the seeds of Madhuca wounds for dry land a tre 1,000 to 
butlywracea (Roxh.) \lacbride L OOO Prolite ) eo \ost 

Queenroot Oil. Sfillingia sylvatica | domestic iMflowe , Califor 
CO Onry Kl i qucel aellght sacri ent \ ‘ ere 1953 
oO! queenroot | i native of the the 45,000 acre 1) t ele 28 O00 
outhe United State 0 Virginia ons of seed 
outh to Florida and west to Tex \ Stand « repare 0 ff eed 
oot extract ot it i ( edit List 0 \ I ( et { 0 ( 
0 MANY Veurs nel ecent I Cst he eorresponall ecu oO ‘ ‘ | ( 

i own tf it tive ecu =O ry ( ZAt1oOl \ tried presen Ol 
utable as adryi ( ol ina int quinone nickel-earbon — « i 

irmnishes (19) ind activated sillea: a modified o 

Rice Bran Oil (Oryza sativa L.) \ ood dryi property ob ned 
ecent development in the maustry Vit the Tirst two eat entioner 
tiie recover, 0 0 rol rec pDrial \ nl ( ty medi ( nee it trie 
les Arka i wma Lou ! Oclues este! il made ro ( ed Oo 
three-lourt ol ( rice row! ! trie vere to the ( f ) 

United stute About ten percent o eed Oo inh ( { ) tf ¢o 
ough rice is milled out bran, conta tain titanium dioxide ef 
hy 1D 17 percent Ol In tlie er oO] ir to those of linseed o t rut thy 
1949 th continuous solvent extraction coor retention wa ty ‘ ded | 

}) int | iVing a ¢ pacity ot SO ton Ol | ( MOrVIMerizAatio t¢ ot flower 
rice bran per day began operating WJ 0 | ifeiently rapid ( init t 
Houston | Vo otnel plants nave been Ist Ol t commercin ( ( proper 
price ad oin operation sine then | Cs chores ol polymerization te! erature 
three plants have a combined capacity ifllowe can be bodied at thi ime rate 
equivalent to more than half of the total is linseed Che inereasing rate t whiel 
rice bran produced in the Southwest iflower bode in the iIscosity 
Other plants are being planned for Ay range mivits burtive nvestigatior 
kansas and Louisiana (28) Safflower oil bleache considerably bet 

Safflower Oil (Carthamus tinctoriu ter than linseed o1] and is equal to or 
| } I his lad Wo! ad onl Is Wel estab better t in sovVva ln t Cspect 31) 

7 lished in the commercial market, but i Sesame Oil (Sesamum indicum 1.) 
terest In its production in the United Sesame oil is the principal oil of India 
States is olf fairly recent date The ind has been produced there as well a 

. major loreigi proqaucin rea ire | ry jt In China nee cient tine kor thie 
India, and the Orient Basically sil past €) t veal i ntensive researe 
flower is i drying oil crop but the me program been unde Vii oO develop 
remaining after the oil has been ex new tra ind irietie 0 esarne 
tracted is used is i livestock reed i) Die to the mee ized a eulture 
because of its high protein content of the United State | oilseed yield 
Safflower oll has aroused considerable nore Ol to the acre t ri ny other an 
Interest both trom the tarmers in the nual ollseed In the past it not beet 
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amenable to mechanical harvesting be- 


cause Of its tendencies to ripen unevenly 


and to drop its seed at maturity. This 
] 


ol has many possible uses and is now 
being utilized for making shortenings 
cooking oils, and margarine, and in 
SO“pS drugs paints and insecticides 
Ihe pressed cake or meal makes an ex- 
cellent livestock feed because Oo! ite high 
protein content The oil and seed keep 


for several years without becoming ran 
eid New, non-shattering varieties of 
tin plant have recently been developed 


and trial field plantings have been mad 


with only 


during the past year present oil 


mills of the South could Wino! 


modifications, be equipped to extract on] 


from (lRa. 28) 
Sorghum Grain Oil (Sorghum vulgare 


SCSHINGC SeCCU 


Pers.) Sorghum grain has been found 
to contain two-thirds as much oll as corn 
and 50 times more wax The wax is 
similar to carnauba and could be ex 


from the unground grain by ho 


V hve 


to corn oil and could bn 


tracted 


solvent grain oil was found to be 


similar used as 


i substitute for salad oils o1 hydrogen- 


ated and made into oleomargarine (26) 
Sunflower-seed Oil (//elianthus annuu 


LL.) Phi 


production In other 


been in fairly wide 


Ol the 


oil has 
parte world 


titin It is used as 


lor sone sometimes 

in extender tor some of the major drying 
oils, but it is usually considered an edi- 
ble onl Recently it has attracted atten- 
tion in the United States, and some re- 


search has been conducted to determing 


its properties After three yeurs CX})0- 
sure to laboratory temperatures there 
Wiis no development ol rancidity, chem) 


flavor! The oil, when 


cal changes, or 


stored under refrigeration, showed no 


precipitation oO! separation The meal 


contained 52.5 percent protein (23 


Waxes 


Vegetable waxes, while representing 
only about three percent of] the total 
volume of Waxes consumed in the United 
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States, account for about 25 percent ol 


the total value of waxes consumed. In 


spite of the relatively small percentags 


o} vegetable waxes used. the actual vol- 


ume used is considerable, amounting to 


about 31.5 million pounds in 1950 and 


26.3 million pounds in 1951. The costs 


of vegetable waxes are so high compared 


to those of other waxes that onlv certain 


properties which have not yet been du- 


plicated in lower-priced WAXES keep the 
demand tor them active 


A few 


qu intities ot WAaX 


fields consume considerable 


but in 
products go into a broad variety of ap- 


plications in a great many industries 


Purchases are frequently made in { 
Vegetabl W 


consumed in large quantities in polishes 


small quantities ixes ar 


ind carbon paper with a fair-sized 


amount oOo] eandelilla Wux being used in 


chewing gum. The polish industry uses 


more types of wax than any other ()} 


the 34 million pounds utilized annually 


In this industry, about one-half is par- 
affin and one-quarter is carnatiba In 
carbon paper manufacture rough esti 
mates indicate that, of about 6.5 million 
pounds of waxes consumed annually 


four million pounds are carnatiba, on 
million pounds are ouricuri, and the bal 
candelilla 


New 


presence ol! 


ance is divided among sugal 


cane, and montan Waxes methods 


of determining th additives 


or adulterants in waxes have been de- 


carnatba substitutes 


Pe rhaps 


deve lope nt in 


veloped and wmany 


have been investigated thie 


most significant recent 


the vegetable wax industry was the 1952 
decree by the Mexican government pro- 
libiting exploitation of candelilla wax 


In 1954 this decree was still in effect 
Carnauba Wax 
(Arr. ¢ Mart.) 


leaves of the carnatba palm of north- 


the 


if opernicia cerifera 


“aimh.) The fan-shaped 


eastern srazil have been primary 


source of vegetable wax for nearly a cen- 
half In the 
influenced 


tury and a recent years 


industry has been 
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growing trend toward the use of ma- 
chines to extract the powdery Wax Irom 


the leaves his method increases wax 


output, as considerable amounts are 


hand method is used 


recent vears the ady 


wasted when the 


During incing 


prices ol] carnauba the most widely used 
! 


vegetable wax, have 


to look lo! less 


compe lled its users 


CxXyp nsive 


replacements 


ind to investigate possible new Wax 
SOUTrCe hive classes ol WUXCS ire 
iVallable lor consideration animal 
VANE synthetic WAXES petroleum 
waxes, vegetable waxes, and composition 
WAXCs Representatives of all of these 


classifications have been tmed. but ear 


nauba is till preferred by most users 
\ itisiactory 


substitute for carnatiba 


Wax tnust have several important chat 
ieteristics Not only must it possess 
high gloss and hardness and have a high 
melting point (Federal specifications 
call lor a soltening point for the solids 
of not less than 80° C.), but it must 
also have good emulsifying characteri 

ties The emulsified wax must not be 


t cloudy liquid but a transparent one 


especially w he n laid down in thin lave rs 
exhibit 


In addition it would have to 


characteristics of toughness water re- 
pelleney ibsence of tack, and light 
color While the ade velopment ol syn 
thetic waxes has progressed in recent 
years, it has made only small inroads 
on the demand for carnatba 

Several vegetable waxes have been 
widely used as substitutes for carnauba 
wax, although none has proved entirely 


Nl hy 


possible 


satistactory others have been 


mentioned “is substitutes hut 


most of these have never been commer 


clally developed to any great extent 


Che market is open 10! good, moderately 
vege table waxes 

Candelilla Wax (Kuphorbia anti yphi 
litica Zuee.) Phis 


whitish coating on the 


priced 


Wax OcCUrs 4s i 
succulent leafless 


stems ol! a native to the desert 


Mi x1co 


plant 


“reas Ol northeastern where 
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most of the material of commerce: orig 
nates, and to the Big Bend re gion ol ad 


jacent ‘Texas It has been used success 


fully as an extendet for carnauba stocks 


Che wax itself is not entirely suitable as 


1 replacement for carnauba, since the 


melting point is somewhat low and thi 


commercial Wax usually contains a cor 


siderable quantity Of resinous compo 


nents which impart an objectionable 
| 


tackiness Recently the igh prices 


isked for candelilla wax have hindered 
its use to supplement carnauba Wax In 
candelilla 3 


sddition employed to! 


Various uses in which carnatiba is no 
suitable 
Because Ol CXCOSSIVE exploit ition and 
1 resulting decrease in production in re 
candelilla 1th! 


Vlexico 


decree 


eent years Vesting its 


prohibited in 1952 
by Presidential 


\ bulletin 


survey 


hice 


report yy oli iti mndu trial 
1953 


Pechnology 


on candelilla was issued in 


Ceorgia Institute of 


Ouricuri or Licuri Wax (Syagrus coro 


nata (Mart.) Beee.) his iX IS sO 
What similar to carnatiba in color and 
hardness but is cheaper in price. It ha 
been used as a carnatiba substitute in 
floor waxes, shoe creams, and ot ier pol 
ish although its higher resin content 
makes it somewhat Interior It has been 
in the trade nearly 20 year 

Quricurl wax is derived from the un 
dersurtace of the leaves of Syagru oro 
nata, a palm inhabiting dry “ caatinga 


ireas in the 
Bahia 


WiaxX 15 


Brazilian states of Pernam 
Minas 


removed by erude 


and (;eraes The 


buco 
method 
scraping 


Irom the lei Vill i Knit 


melting, and straining (32) 

Sugar Cane Wax (Saccharum offic 
narum I,.) Sugar can Wax Is now 
being produced commercially from the 


clarifier muds resulting from sugar re 


fining. ‘Two methods of extraction have 


been proposed (ne uses selective sol 


ent extraction, the other employs Vac 


ium distillation and a chromie acid 
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pleme | e crude Vax s removed by 
olvent extraction is dark and soit, but 
it can be hardened and lightened by tur- 
ther refining and bleaching 
As a byproduct of cane sugar, the wax 
i Ltole it present Irom sources 1n 


Louisi 


Australia, Cuba, California, and 


the imported wax being chearm 

finan that proaucead COTHeCRTICALIS Th 
yearly potential proauctio! 0 nar 
trom the Cuban sugar mills alone yould 
be about 60 million pound more than 
tli vorid's combined mroductlior Ol ¢ 
nauba, ournrcuri, and candelilia Poter 
tial Use lor the Vii ime ! Vater-« j 

Ol pot ( earbol Mpe; ind paste 
pou he i pigment ‘] 1M el ind lar 
COalINng (25 32) 


Cauassu Wax ((Calathea lutea G. FW 


\lev.) The large leaves of cauassu l 
tal perennia erb common in lowland 
ren ol the West Indies, Centra ma 
South America, are potentially an in 
portant source Ol i commercial Vax 
Reports from Brazil indicate that the 
pliant Is Casily grown in the vet trope 
ind that the wax yield } ery good 
About 30.000 seedlings can be planted 
on one acre of land and can be harvested 
1 year after planting In subsequent 
vears two harvests may be collected an 
nually; tl would mean an annual cruce 


rbout BOO pounds per acre 


The wax 1s removed Irom the 


leaves by mechanical be 


traction With hot water 


indicate that the 


Preliminary tests 


wax 18 similar to carnauba, being nearly 


is hard, and can be used for many of 
the same purposes It has the disad- 
Vantage of containing a resin which 
would require removal by solvent refin 


ing for some applications (35) 
Douglas-Fir Bark Wax (Pseudotsuga 
(Poir.) sritt.) The 
Douglas-fir logging 
Pacifie Northwest 
extractives ol 
est Among 


farifolia bark 


waste trom 


Oy rie 


tions in the contains 


several commercial inter- 


these 18 @a having a 


Wax 


OMI¢ 
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meiting point in the range oj 59 to 63 
( This VAX 18 reported to bye harder 
than beeswax, but not so hard as car- 


nauba nowever, Dov ¢ itment 


thi Douglas fir Wax cal be made su- 


perior to carnauba his and otner 


since the bart liso contains othe! 
narketable products, suc as tannin and 
dinvadroquerceetin trie possibilities 10! 


economic production ol the 
creased The bark 
percent total extractives (32 


Jojoba Wax 


Wax are Ine 
contains 28 to 43 
ar 
oo) 


(Simmondsia chinensi 


(Link) Sehneid.) The seeds of this 
evergreen shrub, whi Is native to areas 
of the southwestern United State and 
adjoining Mexico, contain about 50 per- 
cent liquid wax Chis liquid wax has 
properties which have suggested its use 
is a direct replacement for sperm whal 
oll Possibly more important is the lact 


that the 


hquid wax can be transformed 


into a hard white wax by hydrogenation 


Claims are that this hydrogenated wax 
could serve well as a replacement for 
carnauba or other hard waxes of com- 
merce experimental furniture and 


iutomobil polish compositions of jojoba 


Vix proved to be equal to or superior 


to some of the popular polishes now on 


the market Insufficient experimenta- 


tion nas been conducted to establish 


fully the potentialities of this wax from 


jojoba seeds. Since the wax is extremely 


advantageous to utilize 


extenders in its 


pure, it might be 


otner Waxes 4s com- 
posit ions 


A bulletin 


recent 


reporting the results of a 


industrial survey on the poten- 
tialities of products of the jojoba plant 


Institute 


was published by the Georgia 
of Technology in 1953 
Sorghum Grain Wax 
Pers.) 
about 0.3 percent 
melting point ol SU 


vul- 


contains 


(org hum 


gare Sorghum grain 
wax with a 
to &4 cS The Wax 


is concentrated in the hull or bran and is 


re ported 


extraction, and the 


] 
solvent 


re moved by 


NEW OR NOTEWORTHY INDUSTRIAL RAW MATERIAI 


x so removed is white (C‘ompariso Spray ‘ Che driee r 1 
i the chemical characteristics Ol ca rrotein-tres 1 fiber-lree 
muba and sorghum grain waxes ind ind forms an acceptable gel in a 14 per 
ites that sorghum grain wax is hignel cent aqueous solution (20) 
icetvl, acid, and iodine numbers and a Arabogalactan, Gum Arabic Subst 
ower saponification number than cat tute from Western Larch (/ r 

it VAX So im grain Wax also lenta Nutt.) Waste from the n 
ont ! i Vi percentage ol esters and 0 vi er! ir re enn te ised to 
0 ionihable material t n ecarnaub roduce mhovninctal COMPLEX Prory 
Vax, and hydrocarbon fraction whi iecharide whi rest ) i irabue 

bsent Irom the itt (21, 26) rial ( ect Arabo etal il 
odor ceolorte ite oluble l 
Gums and Resins which ia aleo a good source of ~y 

Agar and Other Seaweed Derivatives Production of the ne | require i 
Phree typ ol Philippine seaweed feeping proce ollowed by concentra 
(Huypnea musctformis, Gracilaria che tion under reduced pre ire and precipi 
note ( canaliculata) nave “nown tation trom ethvi ateoho Che materia 
promise new sources of agar \ purified by wa \ Licoho 
noughn the agar thus lar prepared does ind |low-bo petrole ( ( nad } 
not meet the specih itions of the United aned Inder vacuun Betweet ‘ ind 
states Pharmacopeia it is beheved that 17 pereent crude rrabogaiactan based 
the quality could be improved by better on the oven-dry weight ¢ ood ob 
methods of processing (18) tamed by t proc 

Laminarin, a derivative of seaweed Phi iste re ani ite it ‘ 
can be used as a component of taleun traction can be used tor tue ulp, ol 
powder, as a substitute for blood plasma for other purpose The Western Pine 
and 48 & surgical powder ready ib \s ociation = how ipplyin resenawre 
sorbed by tissue (10) quantities oO] arabogalactatl lor trace 


Resin from Cashew Nut Shells (Ana evaluation (5, 11) 


cardium occidentale LL.) The cashew Guayule Rubber Production (Parthe 


nut shel] yields a hquid resini which } im rrgqentatum \ (iray) (,uayvule 
when combined with ethyl cellulose rubber has now been produced whi 
lorms fa binder 1o! pigment This in every respect the equa of Malayar 
binder 1s especially useful for fabric plantation rubber It is been found 
(2) that the tre \ urvested shrub ean be 
Mucilaginous Materials from Flaxseed = s\jecessfulls processed for recovering if 
(Linum usitatissimum i.) \ mucilage rubber without the use of « mical ¢o 
suitable for use in medicinal prepara igulant The latex is coagulated b 
tions, In water paints and for the manu parboili r and mechanical treatment 
facture of soluble fibers can be obtained ilthough more experimentation nece 
from solvent- extracted flaxseed meal sary before the most efficient method i 
The meal is fir-separated and screened established Mill vields of rubber from 
to obtain kernel and hull fractions. the the tre lv harvested latex are genera 
kernel being high in protein and the hu high, but the method of preparing the 
high in mueilaginous materials The hrub influences the recovery of the rub 
mucilage can be removed by treating her hydrocarbon When the =] rub 
the hull fraction with aeid ind centrifug conditioned and stored under conven 
ing and it can then be concentrated by tional conditions of large eale opera 
evaporation under reduced pressure and tion, the yield of rubber hydrocarbon 
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decreases with increasing storage tin 
(36, 35) 

West African Plant Gums. ‘Iwo trees 
o} tropical West Africa have been in- 
vestigated recently as possible sources 
ol gum {nogeissu schimperi Hochst 
exudes a water-soluble gum similar to 
mesquite gum Phi Aqueous solution of 
the gum is levorotatory and does not 
reduce Fehling’s solution Hydrolysis 
ind cleavage liberate arabinose, galac 
tose and glucuronic acid Khaya 
grandifoliola ¢ 1 one of the African 
Mahoganies, yields a gum which, upon 
yvdrolysis, gives galactose and a de 


graded polysaccharide composed of ga- 


lactose, rhamnose, and galacturonic acid 
Chis gum resembles that of slippery elm 
(27) 


Maleo-pimaric Acid from Pine Gum. 
\ fairly 


awleCO-plnari 


simple process for producing 


acid from pine gum has 


been deseribed, Pilot-plant work indi- 
cates that the 


gum naval stores industry 


little difficulty 


commercial 


would have in making 


the acid for use. In print- 


ing inks the acid produces more brilliant 


ind more workable azo pigments than 
the maleie-modified rosin now’ used 
(,00d results have been obtained in us- 
ing maleo-pimaric esters to plasticiz 
polyvinyl chloride. The plasticizer, al- 


though not equal to the high-priced 


al bacate sin jo riormance, is able to colmn- 
The 


satisfactorily 


pete with them on a cost basis 


iid soap has been used 
as an emulsifier in synthetie rubber pro- 
(37) 

Terpene Hydroperoxides from Tur- 
pentine. It that 


turpentine yields certain terpene hydro- 


duction 


has been found gum 


peroxides which are particularly suitable 


for use as catalysts in producing cold 
rubber (synthetic rubber made at rela- 
tively low temperatures to produce an 


unusually 


The 
pinane 
hydro- 


high quality product) 


most promising of these are 


hydroperoxide and menthane 


pe roxide 
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Production of terpene hydroperoxides 
no unusual 

Only 
pinane 
50 


strength 


from gum turpentine needs 
equipment and is not complicated 


make 


concentrations 


two steps ure required to 


hydroperoxide in of 


percent, which is the catalyst 


now commonly used in the production ol 


cold rubber 


Commercial production of these new 
chemicals, using gum turpentine as the 
raw material, would open a large new 
market to the gum naval stores industry 
which need expanded outlets At the 
same time the use of gum turpentine 
for this purpose would help to conserve 
the short supply of benzene, the raw ma- 
terial for today’s most widely used 
catalyst for cold rubber (12, 14) 


Turpentine-Based Lubricant. A high- 


quality synthetic lubricant, which may 
De used In place ol castor oil deriva- 
tives, has been made from turpentine 


rey 
rhe 
l 


thetic esters produced from certain di- 


lubricant is composed Ol the syn- 


basic acids; pinic acid, apparently the 
most important ol these, may supplant 
avalla- 
the 


suitable for lubricating 


other acids because 
The 


dibasic acids are 


ol its greate! 


bility diesters formed from 


fluids or can be combined with a gelling 
material to form greases (1, 17) 

New Uses for Tall Oil. Tall Oil (liquid 
rosin) is beginning to be widely used in 
The 


fatty acid calerum sOaps and the esters 


the organie coatings industry 


made from tall oil can be employed to 
advantage in laequer and paint formu- 
The of tall 
oil in the coatings industry is in the pro- 
tall-oil-modified 


lations largest single use 


duction of 


phthahie 
alkyds. ‘Tall oil can also be utilized as 
a very low cost filtration agent; such an 
agent has possible applications for re- 
covering the valuable but highly dilute 
which 


It 


constituents of industrial wastes 


have been too expensive to extract 


has an important potential use in the 
recovery of minerals from low-grade 
ores (13, 30) 
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Recovery and Utilization of Tree Extractives 


Tree species vary in properties because of the chemical 


nature of their respective extractive components. 


So 


it is that some species yield sufficient quantities of ex 
tractives to warrant their recovery for commercial uses 
A number of such products, the most diversified of the 


forest products industries, is discussed here 
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comp 
ition here 
Iextractives mre 
in tiie 
soluble 


Vii ine 


shable from the 


Tiie tree 
part ol 


any part 


bark 


free, the an 


j ’ 
wood wave 


uly remain intact 


What 


extractive 


type ol m 


Compone 
may embrace pi 
Classes 


ganic chemist Am 


cluded hydro 


hvdes ketones 


tones 


oxides 


red 


Ol these 


lunctional 


extract The ele 


i) 
hydrogen with «¢ 


Nitroge moun the 


Lo! 


nh 


itomical 


ol compounds 


irbons 


ind acids 


1 these compounds 


yt 


ete) 
mi Oo] i wis Wid 0 


Mpouna | ( Hiost 


nt isn cellulose l 


} 


components O 


are not an integral 
When 


structure 


whether it be ati 


iterials make 


) 
trees 


nts in 


the irl 


known 


ong them ma‘ 


alcohols i! 


enols etner ‘ 


(ne or more 


groups may appeal 


in any one of the compounds in a single 


nentary compositior 


invol' Cs earbon and 


YT without oxvgen 


i ¢ proteins occurs 
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in the protoplasm, and some trees con 
tain alkaloids. Thus it is apparent that 
i tree extractive component may ty i 
simple organic compound or it may ix 


of a most complex nature Klueidation 


ot the structure Of many oO! these extrac 


tive constituents is attracting the 


some of] hie roremost structurna 


world 


Organic Chenilsts mn i¢ 


extractive component 


pre sent in any one tree species otten ce 


ermines its characteristics Thus cer 


; 


ain heartwoods ure known for then 


durability against decay Included 


mong these are tiv redwoods. cedar 


ind cypress. This particular ability t 


vard off wood-destroving fungi is attmb 


t thie presence Ot ul 


' 
rhus 


contains 


' 
utable to 


gicides in 


the extractives western red cedat 
(Thiaja 


(thujaplicins) which are extremely toxi 


plicata) 


} 
tropoione ~ 


to wood-destroving fungi (15) And 
redwood (Sequovw sempervirens) con 
tains tannins of the type which 1s 


thought to bye responsible for the out 
durability of this 


heartwoods do 


standing species 


Certain not lend them 


selves to conventional methods of pulp 
Instance 


ing In pine heartwoods, lo! 


amount ol a 
found 


(16) 


reported to 


the presence of a small 


dihydrophenol (pinosylvin) was 


to act as an antipulping agent 
Similarly dihydroquereitin is 
be responsible for the antipulping prop 
erty of Douglas fir heartwood (Pseudo 
tsuga tarvfolia) (51) 
Chus it is that 


some of the 


since the chemical na 


ture of extractive compo 


nents in various species and sub-genera 


is different, a thorough study of these 


components may reveal that one or more 


of these constituents may serve as a 


fingerprint for identification purposes 


Some progress has been made in this di 


rection In a study ol the volatile oils 
from oleoresin of various pines, Mirov 
has shown that species, closely related 


from the botanists 
different 


standpoint are quite 


when their volatile oils are 


ND UTILIZATION Ot 


TREE EXTRACTIVES 


(44) hus it Was 


enreluly examined 


pointed out that, while it is difficult to 
differentiate morphologically between 
the white pines (Pinus strol ind Pinus 
monticola), the chemistry of each is 
quite different The former contains ? 
undecane vVhile this hvdrocarbon is not 
present in the latter Similarly identi 
fication of the constituents n the vola 
tile oO} from the closely related pines 
Pinus ponderosa and Pinus jeffreyi offers 
i key to the ixononmiist tor identifica 
tion purposes Che volatile oil from 
ponderosa pine Is terpenk in nature 
Vlile that obtained from Jeffrey pine 1 
iliphatie In Composition the predomi- 
nating component being n-heptane Lhe 
brillant studies by Erdtman and his co 


workers in sweden on the nat ire of} 


ore 
ol the extractive components I poinie 
The irtwoods nave been ol con iderable 
taxonomic value Govt thy even speer 


belonging to the H iploxylon (mostiv five 
needles) sub-genera investigated, all 
tain the evelitol, pinito While none ha 
found in the eleven 


three 


been Diploxylon 


(two or needles) thus tat 
(17) 


which distinguish these two 


species 


examined Still other extractive 


components 


sub-genera are the flavones, echrysin and 


tectochrysin, that oceur only in. the 


Haploxylon seriv hus, while the chem 


Ist las been ible to offer ome chemical 


data to aid the taxonomist, the extrac 


tives from many more species must be 


thoroughly and carefully examined be 


lore the chemist can throw more light on 
the questionable 


Just “As 


ispects Ol taxonomy 


extractive components olten 


serve to characterize a wood, the amount 


ind type of extractives in rious spe 


ees have more or | determined whiel 


pecies are suitable as raw material for 


! 
commercial production of ¢ hemical prod- 
Some of the which are 
used for that 


his is not 


ucts tree species 


purpose vill be diseussed 


here intended to be a com 


plete review, but rather to point out 


some of the more important commercial 
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practices which recover and use tree ex- 


tractives 


PINE TREE RESINS AND TURPENTINE 


In the commercial production of ex- 
tractives from southern pine trees, four 
methods are employed in this country: 
from living 
extraction of pine 

c) recovery of tall oil and 
from the pulping 
destructive distillation of 
All these industries, 
confined to the 
States, principally 
pines, largely longleaf (Pinus palustris) 


a) eollection of oleoresin 


trees: 6) solvent 
stump wood 
turpentine sulfate 
process; 4) 
in the main, 
gulf 


southern 


wood 
are southeastern 


because 


and slash (Pinus caribaea), are the rich- 
est source materials for these products 
The average annual value of these com- 
bined extractive products 


pine gives 


them a foremost place among southern 


industries 


Rosin and Turpentine from 
Oleoresin 


the first industries started in 


this country by the early settlers was 


(one ol 


the collection of exudates from pine 
trees. This commodity was of consid- 
erable importance, for it was used in 


treating rigging and caulking the joints 
of wooden ships. This exudate product 
was known as “ naval stores’, and the 
term is still used 

In the early days a deep box was cut 
into the base of the tree to receive the 
oleoresin which exuded from the subse- 
quent cuts made directly above the deep 
wound, When the oleoresin flow ceased, 


another fresh cut made, and thus 


the 
exudate 


Wiis 
tree was induced to produce more 
This early turpentining prac- 
tice caused a high fatality among trees, 
they wind fall 


improvements were 


since were subject to 
Hence 


made 


gradually, 
In recent years, particularly by 
the Naval Stores Division of the 
Department of Agriculture, the turpen- 


U.S 


tining techniques have been improved 
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resulting not only in prolongation of the 
useful life of the tree but also in greater 
yields of oleoresin. The oleoresin prod- 
and 
to distinguish them 
from the rosin and turpentine obtained 
by other methods 

The 
particular products perhaps is somewhat 

While it is known that tree 
exudates, as is the 
from which these products are derived, 
a true gum is a polysaccharide 
which is either completely or colloidally 
soluble in water (31) 
on the other hand, is insoluble in water 


ucts are known as “ gum rosin” 


“gum turpentine ” 


term “gum” to describe these 
ambiguous, 
gums are oleoresin 
tree 
Pine oleoresin, 


and the constituents are largely terpenic 
in nature. Thus is not truly de- 
the and turpentine 
obtained from oleoresin. A term such as 


“gum ” 
scriptive tor rosin 


‘oleo-rosin” and “oleo-turpentine ”’ 
would perhaps be more appropriate. 

In present recommended practices, 
only trees exceeding nine inches in diam- 
eter are turpentined (6). First, an area 
of the bark near the base of the tree is 
shaved off, after which a shallow cut is 
made a few inches above the ground and 
an apron or gutter is inserted. A cup of 
one or two quart capacity is placed so 
as to collect the oleoresin drippings. A 
shallow streak, about one-half inch deep, 
is cut with a “ hack” above the gutter 
Oleoresin soon appears from the wounded 
area and flows into the cup. During the 
turpentining season from March through 
October, a usually makes 
weekly rounds to each cupped tree and 


, chipper i 


freshens each working face by chipping 
a new shallow streak. Each tree during 
a season will produce a yield ol about 
eight or nine pounds of crude oleoresin 

After three or four seasons the regu- 
lar streaking raises the top level of the 
face to shoulder height, and from that 
time on, the chipper uses a longer instru- 
ment to make the streaks. And the cups 
and gutters are lifted to the height of 
the avoid de- 


‘catface”’ advances to 
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Fic. 1, Pine tree being worked for naval 
stores, using the conventional hack for chip 
ping the tree (Courtesy U. 8S. Dept. Ag 


Vaval Stores Station.) 


terioration of the oleoresin due to flow 
over a large area before collecting in the 
cup When the top of the face is no 
longer readily reached, the tree is usu 


ally allowed to rest for several years be- 


fore opening a new face on the opposite 
side 

A recent development has occurred in 
the industry to 
This is the acid-treat 
ment of turpentine streaks. It has been 
shown that periodic chipping in two- to 
three-week 


treatment with 60 percent sulfuric acid 


turpentining Improve 


oleoresin yield 


intervals and simultaneous 


resulted in an average vield increase of 
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OS pereent ol total oleoresin production 
(13, 14) Further, the 
latest development, one already accepted 


for the season 


by more than one-quarter of the indus 
try, is bark chipping and acid-treatment 
(52) In the laces Bre 
freshened by removal of a five-eighth- 
strip ol bark No 
The fresh streak is sprayed 
with 50 percent solution of sulfurie acid 
Streaks, so treated, produce 50 to 100 


newer method 


inch Ww ide wood 's 


removed 


percent more oleoresin during the first 
week and continue to yield above nor- 
mal quantities during the second and 
third weeks after bark-chipping. Thus 
the interval of chipping can be increased 
from the usual one week to two or three 


weeks 


the tree 


resulting in less searification of 
and less labor with no decreas 
in oleoresin yield. This latest technique 


also leaves the base of the tree in much 
better condition for subsequent utiliza 


tion, such as for pulpwood or lumber 


Still another recent turpentining 
method has been suggested This is 
based on the discovery that a certain 


fungus, a form of Fusartum, when inocu 
lated in the trunks of 


high yield of a 


conifers, results 


in a continuous flow of 
oleoresin without need of repeated chip 
ping (28). Sufficient 


elapsed to appraise this oleoresin stimu 


time has not yet 


lation method for commercial purposes 


Processing of Pine Oleoresin. In thi 
early days each operato! processed his 
oleoresin The crude exudate was 
poured into direct fired iron kettles, and 


the batch distillation carried out through 


condense and collect the 


When the 


longer came over, the rosin 


iron coils to 


turpentine volatiles no 


Vis allowed 


tO run into open barrels Later water 
was added to the oleoresin in copper 
stills to effect steam distillation Phe 


turpentine distillate wa sepal ited Irom 


the water When only a small amount 
of turpentine came over, addition of 
water to the still was discontinued and 
the temperature raised a little—then the 


112 ECONOMK 
till was drained ind the hot rosil 
strained through cotton on creen fiters 
pelore running into barrels 

In the past 1S year fire stills have 
been largely replaced by central distil- 
ling plants using steam (7) The oleo- 


resin is genet! illy cleaned before distilla- 
tion by washing with water, turpentine 
is added to decrease the viscosity ind 
then it is filtered. Finally the turpentine 
Is separated trom the resinous portion 
by steam distillation in stainless ste 
patel til 

\ more eent processing technique 
has been developed involving a continu 


ous flash still Here the previously 
cleaned oleoresin is diluted with turpen- 
ited led flas} 
BU. Oo} tul 

iporized The 


into a heated strip 


into a 


tiv 


hing Is pret and 


ehamber where wmout 

immediately 
flow 
ping column having 


The 


pentine Is 


not rosin down 


steam jets neal Iie 


bottom mall amount of remaining 


turpentine is stripped from the rosin 
ind the turpentine-free rosin is drawtr 
off at the bottom directly into drums 


The flashed 
densed, the turpentine is dehydrated and 


turpentine vapor 1s con- 


pumped into storage Phis newest proce 


which was largely deve loped by the 


Naval Stores Division, U.S.D.A., holds 
promise Of improving the competitive 
position Of the oleoresin naval stores in- 
dustry 

The ratio of oleoresin rosin to turpen- 
tine is about 2.7 drums (520 lb. net 
each) to 50 gallons (one barrel) of tur- 
pentine The amount of oleoresin tur 


pentine produced in this country in the 


vears 1940-1950 varied between a low 
of 244,000 barrels in 1945 and 344,000 
barrels in 1940 (8) During the sam 


period the production of oleoresin rosin 
692,000 939,000 Phe 


peak production of these products was 


was to drums 
during the first 15 years of this century, 
the 


the 


amounting to about twice quantity 


last 
This drop in production occurred 


produced annually during few 


years 


BOTANY 


vhen other processes for obtaining tur- 


pentine and rosin were being introduced 


in this country notably the wood rosin 


industry 


Currently naval stores are obtained 


Irom pine forests covering 30,000,000 
acres, principally in northern Florida 
and the southern area of Georgia, Ala 
bama Mississippi and Louisiana 


Georgia and Florida produce more than 


YO) of the domestic naval stores (56) 
ther countries also produce nava 
stores Some of these are listed in Table 
I (6, 57) 
TABLE I 
Some Foreign Countries Propucina Turpen- 
TINE AND Rosin (OLPORESIN ) 
(Country Species 
France and P’. maritima Maritime or 
Spain yn. P. pinasté cluster pine 
Crreece P halepe nat Aleppo pine 
Russia P. sylvestris scols pine 
India P. roaburghu Chir or chil 


syn. 2. longifolia 


merkusu 


pine 
Mindero pin 
Arizona pine 
Chihuahua 


pine 


Indonesia P 
Mex ) P ari2z 


, 
/] feocote macro- 


ipa 


P montez 


J rocote 


ima Montezuma 


nine 
pi 


Composition and Use of Turpentine 
and Rosin. American 
relatively simple mixture of about two- 


turpentine 18 @ 


thirds a-pinene and one-third £-pinene 
furpentine finds wide use in the chemi- 


cals and pharmaceutical fields It is 
utilized as a thinner for paints and 
varnishes; also for making ester gums 


and synthetic resins Synthetic camphor 


is produced from a-pinene. It is also 
used in waxes, shoe dressings, oil addi- 
tives and in foundries 

The chemical composition of rosin, 


from both oleoresin and wood. is given 
in Table I] 
The 


oleoresin and wood, are as 


(27) 


major uses of rosin, from both 


re | paper s1zZe, 
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rABLE Il 
COMPOSITION OF RosINn 
Fract | 

Neutra 10 

A bietic-type wid 4 

Dihvdroabieti wid 11 

letrahydroabietu wid IS 

Dehydroabietur l } 

Oxidized acids ) 
in protective coatings, such as varnishes 
enamels and paints; in chemicals and 
pharmaceuticals; and in yellow laundry 


Minor uses Ine ude idhesi\ es and 


sOap 
plastics, linoleum and floor coverings 
oils and greases, paint dryers, rubber 
compounding materials, and printing 
inks 
Wood Rosin and Turpentine 

he oleoresin industry was the major 
source of rosin and turpentine until 
about 1910. At the height of this indus 


trv’s production it Was prophesied that 
would soon ce 


cline because of the gradual cde pletion oO} 


the naval stores industry 


virgin forests This prophecy was 


by thy seh] 


pine 


soon to he prove hn erroneous 


seeding of the rapidly growing pines in 


cut-over areas, as well as by Improved 


techniques cle velope d tor procuring ole 0 


resin In any case this assumption mith 


ated what is now known as the wood 


naval stores industry, ie., the recovery 
ol rosin, pine oil and turpentine trom 
southern pine stump wood as distin 


guished from naval stores obtained Irom 


living trees 


Large-scale harvesting ol trees tor 


lumber in the southern States left mul 


lions of acres Ol cut-over areas contain 


These 


content 


ing pine stumps stumps were 


rich in extractive ind tive initial 


eflorts to steam distill the comminuted 


stump wood only for recovery of tur 


pentine and pine oil proved to be eco- 


Phe 


steam-volatile constituents 


nomically unsound vield of the 


imounted to 
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ibout five percent ind lett ibourt 20) 


unrecovered resin in the spent stump 


wood It Was not until subsequent “0 


vent extraction of the wood t« recove!l 


the non-volatile resinous extract that the 


wood rosin industry become established 
is a successful commercial enterprise 
Fhe first successful commerecia opera 
tion, called the steam and = solvent 
process Wis pioneered by H | \ i 
rayan in 1909 at Gulfport, Mississippi 
producing some 14,300 barrels of rosin 


together with turpentine and pine oil 


during its first year of operation (33) 
Forty years later this yearly output in 
creased to ibout 1.100000 drums (520 
lb net, each) ot rosin and 200.000 bat 
re| (0 oa et. each) ol] ointile o1 


(Ss) 
Processing Wood Rosin and Turpen 
tine. The 


ee ol the yood rosin 


processing industrv is to allow tumps to 
remain in the ground ten years or so be 
fore they are harvested During this 


interval, the bark and sapwood Vhict 


ire 1oOW In resin content, Usually separate 


Irom the stump le Ving stump heart 
vood intact which is rich in resin con 
tent Phe stump heartwood contain 
approximately 18% water, five percent 
terpene oils, 22° rosin, and about tour 
percent gasoline-insoluble resene (33) 
Various methods are used for removy 


ing the stumps, such as dynamite, diese 


tractors and stump-pulling cranes It 
the stump is large, it is often split and 
put into gondolas o1 truck ilong with 
the roots and any other resinous wood 
which happens to be available When 
the material! reaches the processing 
plant, it is either dumped into stock piles 


conducted to the 


Here the 


conveyor 


or immediately mall 


lor processing tump wood } 


carried on a vhere the wood 


is Washed with water under pressure to 


remove gravel dirt and other loreign 
matter Next it is put into a mechanical 
nog which reduces the wood to chips 


which in turn are shredded by hammer 
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mills to splinter-type chips suitable for 
extraction 
Into @ 


leet 


The comminuted wood is run 


series of vertical towers about 24 


high, each having 4 capacity of 13 to 15 
tons of chips. A hot solvent, such as a 
petroleum fraction or benzene, is pumped 
under into the 


pressure bottom of the 


and countereul 


through the 


first extractor Passes 


rently remaining extractors 


ke pt at 65 to B5 p.8.1 
Fresh solvent 1s 


changed to the vess 


which are 


vulye 
pressure always 
containing the 


most nearly exhausted « hips After the 


extraction yn rod t he eX hausted chips 
ire steamed to recover the solvent, and 
then dumped to be used usually as fuel 


One company is using these spent chips 


for making fiber board (45) 
The 


sent to an 


solvent containing the extract is 


‘ Vaporator to recover most 


of the solvent, the remaining solvent 


flash 


is pumped to towers where 


being vered in a towel! Phe 


effluent 


steam 


reco 
here 
strips the terpene oils from the 
The 


caustic 


rosin under vacuum terpene oils 


are washed with dilute solution 


to remove aldehydes and Wnprove odor 


The oils are then fractioned into turpen- 


tine intermediate terpen and pine oi 
lractions The hot stripped crude rosin 
is run off into drums 

Chis crude rosin, known as FF rosin 
is dark-red, differing considerably from 


the conventional vellow to brown grad . 
Further 


wood rosin acquires obye ctionable color 


of oleoresin rosin unrefined 


upon aging, which it imparts to soaps 


ester gums and varnishes, whereas oleo 
resin rosin is more color-stable and 
hence has enjoyed a wider market, Un- 
til properly refined, crude wood rosin 


was forced to remain in the lower priced 
market 


linoleum 


chiefly in 


darker 


rosin with outlets 


core oils and the sized 
grades of pape! 


Many 


wood 


attempts were made to refine 


rosin to the paler grades before 


commercially successful methods were 
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finally dey [Two commercial 


eloped 
processes are now used in refining wood 


rosin, namely, adsorption earth refining 
with Fuller’s earth and selective solvent 
refining with furfural 

In the adsorption earth refining proc- 
dark colored FF 
dissolved in petroleum naphtha to make 
up @ 15 to 20° 


water to 


ess, the crude rosin 1s 


solution, washed with 


coagulate any susp nded in- 


solubles and then allowed to stand until 


all water has settled (45) The rosin 
solution is then passed through a series 
of columns containing the earth The 
resin Is continuously adsorbed and 
elute d whereas the color bod = wane 


other impurities are retained on the ad- 
After the 


with 


sorbent earth becomes satu- 

undergoes a 
When the ad- 
Sor bt ion tower 1s cut out ot} ft he decolor j- 
full of 


The solution is first displaced with warm 


rated impurities, if 


revivification treatment 


zation cycle, it Is 


rosin solution 
naphtha, the displacement going into the 
The 
tha is then displaced with just sufficient 
(35% 


column, the 


tower following in the eyel naph- 


aleohol-naphtha alcohol by vol- 


ume) to fill the solvent 


being introduced through a preheater 


The extraction ol absorbed pigment is 


rapid and complete, so that introduction 


of the revivification solvent is immedi- 


ately followed by boiling naphtha to 


wash out the revivification solvent now 


which have 
The «@|- 


lmpurities 


containing the color bodies 
been removed from the earth 
recovered and the 
dark 
ized rosin is obtained by evaporating the 
The 
grade or degree of purification desired is 


vents are 


recovered as resin The decolor- 


solvent from the column eluant 
controlled by the amount of rosin solu- 
tion passed through the earth 

In the 


cedure, 


selective solvent refining pro- 


wood rosin 18 
mixing it intimately with two substan- 


tially immiscible liquids, 


fractionated by 
one of which 
preferentially dissolves its color-bearing 
components and leaves the purified rosin 
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In the other liquid p 

’ if | 7 ’ ‘ ' 

Oslin is puribed Commerciaily 1 et 

tinuous process by Washing wit i ce I Into the bottom of thre owe Vile 
tereiuy + f toy ral ’ refiner { ‘ | ‘ ‘ 

ercurren now Of turlural i ‘ ] l led into ‘ oD | 

tower! The tower 1s about 4) feet ta worl oravity huriura ( f aown 
and ee 1e¢ in dl ( It ( f i] 
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In each Of the separate trays 


rosin solut arawn 


Irom 


the top of the towet! yniie the highly 


colored turtural solution, containing the 


color bod is drained from the botton 
The petroleum naphtha is distilled fron 
the refined rosin by passage through a 
series Ol evaporators hi rehning proce- 
Css Js quite flexible In that rosin Oo] vari 
ous grades can be obtained Che fur 
lural is recovered by distillation, leaving 


in 


Production oO] 


aa 


Vinsol 


sith 


reeili kno Vill as 


yood } and turpen- 


tine i“ yradualily increased since tlhe 
industry started in 1910 In 1949 
1,099,000 drums (520 Ibs. net, each) of 
rosin and 200,000 barrels (50° gallons 


enchid of turpentine were 


produced (s) 


Thi ‘mount of production required 
ibout 1,300,000 tons of stumpwood ob 
tained trom around 430,000 acres or so 


Ol cut-over! ied 


Composition and Use of Wood Tur- 


pentine and Pine Oil. Wood turpentine 


conta ibout 8O% a-pinene and a littl 
B-pinene rhe pine oil fraction is a 
complex mixture of terpene hydrocar- 


bon ildelhyae ilcohols. ethers. ketones 
ANG phenols 

Pine oi! has diversified uses in the tex- 
tile industry as a penetrant, dispersing 
agent, wetting agent, an inhibitor of bac- 
terial growth in practically all wet proc 


essing of cotton, silk, rayon and woolen 
goods, including scouring, bleaching. de- 
sizing and degumming. In the paper 


industry it is used as a wetting and 


le vf ling agent in coating, as a preserva- 
tive of casein and as a foam breake1 
Minor uses are in cutting oils, floor oils, 


polishes printing inks, liniment, odorant 


block, cattle and other insecticidal prep- 
pre} 


arations 


Sulfate Turpentine and Tall Oil 


These extractives ar by-products ob- 


tained from the sulfate pulping process 


of pines Phese products were first pro- 


duced in the Seandinavian countries sinee 
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the early part of the present century, but 
not in this country to any extent until 
r) 


ie 1930's 
ias had a rather remarkable growth, for 
4.000 produced 
in 1930 in this country, in 1949 produc- 
tion reached 148,000 barrels (50 gallons 


However, sulfate turpentine 


while only barrels were 


net, each), amounting to little over 40% 
of the total wood turpentine produced 
in 1949 (8) or nearly one-fourth of the 
total turpentine production in the United 
States 

Sulfate turpentine is recovered in the 


pulp mills by condensing the Vapor re- 


lieved during the cooking of pine chips 
Longleaf and slash pine pulpwood yield 


2.8 to 4.3 gallons of crude turpentine pet 


ton of air-dry pulp; 


loblolly, shortleaf 


and Virginia pine yield 2.5 to 2.7 gal- 
lons per ton; jack pine and white pine 
yield 1.5 to 3.1 gallons per ton (34) 


The crude turpentine, so recovered, has 
sul- 
ed during thie cook- 


methods 


in objectionable odor because ol thie 
fur compounds evoly 
Phree 
ployed in deodorizing sulfate turpentine 


Ing process are Clii- 


a) distilling and washing with bleach- 


ing powder; 6) treating with hydrogen 


and treating the distilled product wit! 


calectum chloride and activated carbon 
¢) air-oxidizing the mixture and then 
steam distilling The turpentine con- 


tains 50 to 60% a-pinene, 20% B-pinene 


and other terpene hydrocarbons This 
refined sulfate turpentine finds the same 
markets as does turpentine from other 


SOUTCES 


The alkaline medium employed in the 
soda and sulfate pulping process saponi- 
fies and dissolves the 4% 


to 5% resins 


in the wood chips. Thus this product is 
in the form of sodium salts dissolved in 
the waste black liquor On cooling 
concentrating the liquor, the soap skim- 
ol 
suspended black liquor by dissolving in 


Or 


mings separate and are washed free 


hot water and precipitating by addition 
of salts. Acidification with mineral acid 


regenerates the resin-fattv acids which 
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Fic. 3 (Uppe Conventional fire ti formerly used for the batch distillation of erude 
pine oleoresin These stills are now obsolete and tically extinet (ourte yl S. Dept Ag 
Vaval Store Division.) 

eT 4 (Lower) A modern central distillation plant using the © tee vetem flor oleoresin 


cleaning and distillation (C‘ourlesy l P| Dept 1g Vaval Stores Di 
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with some neutral material, are sep- 


arated by centrifuging or settling 


Typical analyses of the crude tall oil 
may range from 40% to 50% each of 
resin acids and fatty acids, and 10% 
neutral material The composition of 


the resin acids in tall oil is comparable 
to that found in wood rosin The fatty 
icids are composed essentially of oleic 
and lineoleie acids, with some linolenic 
and palmitic acids. The neutral fraec- 


tion contains the plant sterol, B-sito- 
sterol, and it has been isolated on a com- 
Tit reial scale 

Crude tall oil is colored and has an 
objectionable odor, so most of it is re 
fined Acid-washing and vacuum dis- 


tillation are the more common methods 
used, while selective solvent and adsorp 
refining employed to a 
The tall oil 


used extensively in metal polishes horti 


tion earth are 


lesser degree refined 1s 


cultural sprays, textile lubricants, paper 


sizing and soap. The 1949 production 
of tall oil amounted to 191,000 drums 
(520 |bs. net. each) (8) 


Destructively Distilled Turpentine 


Destructive distillation of resinous 
wood has been carried out many cen 
turies. ‘The turpentine and pine oils are 
removed from the retort before the tem 
perature is attained at which the resin 
acids and wood begin to decompose 
However, this is relatively a small in 


barrels of 


In 


destructively 


1949 only 
distilled 


3,000 


turpentine vere 


austry 


produced less 


turpentine production that vear (8) 
TANNINS AND DYES 
The bark Or wood Oo! certain tree iM 
cies, When leached with hot water, wi 
produce an aqueous extract which has an 
istringent taste produces i dark bluse 
Ie 5 (Uppe Harvesting old southern 
ine forest Courtesy Newport Induatrie Tne 
Fic. 6 (Lo Shredder reducing impw 


PILIZATION OF 


mire 
} 
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or green coloration with ferric salts, pre- 


cipitates gelatins, soluble proteins and 


alkaloids 


with skin protein to form leather 


combines 


Such 


from solution, and 


substances are referred to as natural or 


vegetable tannins 


kor many years tannins were grouped 
under two general headings a) ent 
chols, consisting of the tannins from 
quebracho and wattl woods and ol 


hemlock bark; 
prising the tannins from chestnut wood 

This system 
In view of the 
the diffi 


and 6) pyrogallols, com- 


sumach and my robalan 


has only limited value 


amorphous nature of tannins 


culty of purification and the diversity 
of substances which act as tanning 
agents, it is not surprising that deter 


mination of the chemical structures has 
proved to be not only difficult but 
highly uncertain They are known to 


consist, In part, ol complex polyhydrie 
phenols 
have 


methods of classify ing 


(one 


sev ral 


been proposed ol the tater sy 


tems is that proposed by Freudenberg 


in Which the tannins are divided into 
two main groups as follows (22) 
a) Hydrolyzable tannins those that 
can be hydrolyzed by acids and 
enzymes, such a the glucosidu 


ehestnut tannin 


b) Condensed tannins—those that 


by 


CnZYNCes 


cannot hydrolyzed by acids and 


such is tannins trom 


quebracho and oak (phlobatannin) 


Tannin Sources (9, 11) 

While many tree species contain tan 
nin, relatively lew are used as comme! 
eal irces of tanin In this country 
the main domesti Supply come from 
chestnut yvood (Castanea dentata 
Bork! } Howe ver, thil ource has beet 
( enti eliminated, since the chestnut 

lumps lor extraction with ? on nh young 
od e in ey ( y Hercule 
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blight has killed most of the trees and grove (Rhizophora mangle 1.) and ex- 
threatens to exterminate the species in pansion in the use of Douglas fir bark 
the United States The two domestic 


aterm hen Extraction of Tannin 
lock bark (Tsuga canadensis Carr) and 


chestnut oak bark (Qjuercu montana 


sources next in order are ¢ 
sark for tannin-extract manutacture 


Is usually peeled in the woods, cut into 


Wild) The barks of two additional lour-loot) lengths pied and air-dried 
species are aiso u ed 1D tanning in the before sale (46) tefore a tree is felled 
Pacific Coast region, namely tanoak two girdiing rings are cut around the 
(Lithocarpus densifloru tehder) and butt, one near the ground and the other 
Douglas fir (Pseudotsuga tarifolia Brit four feet above Che bark is split verti- 
ton) 


eally then peeled off with axes o1 spuds, 
The | nited Sitat¢« i“ CaVvy eon Ihe { 


) first ring of bark is removed from 
Fumer ol tannin ind the present do the standing tree to prevent loss of iju- 
Inestic soures ire nol adequate to sup ible bark when making the undercut 
ply the demand Hence, much of it is for felling and because it is more easily 
rABLE II 
~ | Sou 
| Ss. Cor I 
i f Pannis . , 
Dat » I ernes > tion, 1945 
‘ erce ta 
Quebracho Schenop ore nu Eng Wood x) South America 445 
Chestnu ( lane lentata Borkh Wood of] United States 31.2 
Mangro ‘ Ii ophora mangl ] Sark 34 sormmeo 56 
Watth Acacia pycnantha Bert} dark 36 South Africa 10 
Oral Quer pronu Sark ll United State 1S 
Hemloch T sug nader Ca Sark 11 United Stat 12 
Miscellan 11.7 
100.0 
Hnported Phe main source of imported removed while the tree is erect After 
tannin is quebracho wood (Schenop the tree is felled, girdling rings are cut 
lorentzu engl.) obtained lrom Argen it [our-toot intervals along the bole and 
tina and Paraguay Additional tanin the remaimning bark Is re moved As eac! 
comes from Borneo and South Africa ring or coil of bark is removed, it is ex 
\ partial list of the main sources ji posed, preferably, to the sun and wind 
given in Table III (19) to obtain rapid drying for mold preve1 
rhus it will be noted the United tion rhis pre liminary drying 1s allowed 
States had to import two-thirds of its to continue for several days, then th 


tannin requirement in 1945, a sizable bark is gathered and piled on pole skids 
imount, since 194,000,000 | |bes (100% and | 


allowed to season lor two to thre 


tannin) of vegetable tannins were con- months. In eastern hemlock and oak 
sumed by the tanners in this country stands, two-man crews can collect two ° 
that year (20) It is apparent, there- to three cords of bark pe! day, weighing 


lore, that new sources of tannin are between 4500 and 7000 |bs In the tan- 


needed Various sources of potential oak region on the Pacific Coast, because 


tannin are the barks from western hem- 


of larger trees, about twice as much bark 
lock (7'suga heterophylla) and uane- 


can be collected by two-man crews pel 
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aay Phe peeling season Usually begins ind 12 to 16 fee i! ( t are filled wit 
lth Nay ind ends lth Au u lo! 1 readaeqd bark Vhie luo} ] rhe ited by 
! 0 sten cols oT perior ited) pipe unde! 

ly prepal gy tiie i ested bark 10 tive Likine bottom oO] eine extractor! 
extraction, it is reduced to suitable siz When direct steam is used, allowance fo 
by putting it through s! readers In the adiiution resulting trom) condensation ol 
case of wood, it Is put through chippers steam must be made in the quantity ol 
similar to those used in paper-pulp veakest O01 tall liquor introduced 


manulacture ind the burtin reauceqd | ( quo eontinuou ) ed 0 
in shredding mills vard throug 1m f imber oO ‘ 
Chere are four ethods in use for ¢ ‘ ol each ‘ ‘ iter @1 
tracting tannin: @) open-tant aillusiol té it one end ot the batte and =the 
O) pereolation, ¢) decoction 1} iuto eached produet leave tri t ( { 
clave (9) The first two ar IsUaLlY Known as the tal init Lhe trong 
used in extracting barks, while the latte: liquor is obtained from the vessel con 
two are generally employed to extract taining itresh wood ind the number ol 
tannin trom wood Vashings as well as the number ol unit 
In the open-tank diffusion method used is determined by the operator 


wooden tanks 12 to 14 feet in diamete | rot requires from two to four 
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For barks yi ld- 
obtained 


days for an extraction 
ing 
from chestnut oak and eastern hemlock 


condensed tannins, as are 
barks, it is especially desirable to keep 
the temperature ol the water below the 
boiling because boiling enhances 


the 


point 


formation of “ insoluble reds "’, with 


a consequent loss of tannin and a dark- 
ening of color 

In the percolation method the bark in 
first 


pe rforated steam pipe in the bottom of 


the extractor is steamed, using a 
*| his Causes the chips to 


Hot 


water is then sprayed on the bark from 


the extractor 
settle uniformly and compactly 


the top at the rate of about two and one- 
half gallons per hour per square foot of 
area 12-{oot bark 
The resulting liquor is drawn off at the 

the 24 
are required to complete the 


with a column of 


bottom extractor From to 


36 


ol 
hours 
extraction 

The decoction method consists of boil- 
ing the wood chips immersed in water 
Chis process is also carried on in bat- 
teries of “ leaches In practice a leach 
js filled nearly 


heated, and the wood kept immersed un- 


with saturated liquor, 
til the strongest saturation of the liquor 
is attained, after which the extractor 1s 
drained and refilled with a weaker solu- 


The 


process is 


tion from the preceding extractor 


time for extraction in this 


about one day 
Although que bracho heartwood vields 


a condensed tannin, the wood is ex- 
tracted by thre decoction method To 
overcome the undesirable formation of 


water-insoluble reds the liquor is 


treated with sodium sulfite or some other 


sulfite in the last stage of extraction 
(46) The sulfite treatment dissolves 
the reds and difficulty soluble tannins 


keeping them soluble in cold water and 


in the acidulated liquor of the tanning 


vat, and preventing their precipitation 


in sour liquor, thereby saving and uti- 
that 


and 


lizing tannins otherwise would be 


precipitated regarded as waste 


BOTANY 


While normally only the heartwood is 
used in extracting tannin, recent experi- 
indicated that the 
yield of quebracho extract can be ap- 


mental studies have 
preciably increased by processing the en- 
tire trunk instead of only the heartwood 
(53) 
In this country the larger plants ex- 
chestnut 
the 


autoclaves 


tract American wood at tem- 


peratures above boiling point of 


water, in copper operating 
under pressure up to two atmospheres 
(Y) 
each holding one and one-half cords of 
The tail unit is cut out 


of the battery for discharge, as well as 


Kach battery contains eight units, 


shredded wood 


one unit for refilling, so that six are 
constantly used. The autoclaves have 


a full drop bottom operated by hydrau- 
lie cylinders, so arranged that the opera- 
tor on the top platform can control the 
full The and 
filling eyele requires only about three 


operation discharging 


minutes The economy ol this process 


lies in the lesser quantity of water re- 


(297 gallons 


the shorter extraction time (45 minutes) 


quired per ton of wood), 


and the better quality of tannin pro- 
duced, The 


been used in thee 


spent chestnut wood hus 


manulacture Of pape! 


and fiberboard, This is a good example 
of the desirability of integrating extrac- 
tion with other wood-utilization meth- 
ods, for, although the tannin content of 
the wood is only six to ten percent, the 
extraction has proved profitable becaus 
the extracted chips find an outlet in an 
other wood utilization process 


After the tan liquor is obtained from 


the extractors it is next concentrated to 
the desired density or concentration 
Che final concentrations fall into three 
classes: liquid, containing 25-35 percent 


containing 40-65 percent 
70 


tannin; solid, 
tannin; and powdered, containing 55 
pereent tannin 

In the production of liquid extracts, 
the liquor is evaporated, usually in a 
until if 


vacuum evaporator! reaches the 
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proper consistency. The vacuum evapo- 
rator may be of single, double, triple or 
even quadruple eflect The cooled con- 
centrated extract for shipment is pumped 
into tank cars lined with a paste of red 
lead and linseed oi] or with special coat- 
ings to protect the iron trom corrosion 
and to prevent extract discoloration that 
results trom contact with iron If solid 
extract is desired, evaporation is con 


thick 


enough to be run into papel lined sacks 


tinued until the coneentrate 1b 


or into casks, where, on cooling it solidi- 
fies into an amorphous and brittle prod- 
uct containing about 20 percent mols 
ture Another 


making powde red extract is to place thy 


method employed in 
liquor concentrate in a vacuum drum 
drier to reduce it to a powder containing 
Another 


prehe ated tan 


about five percent moisture 


method is to atoms 
liquid into a drying chamber, where the 
excess water is evaporated by a circulat- 
ing airstream. It is reported that spray 
drying gives thi better product (46) 

In all extraction processes for tannins 
materials other than tannins are ex- 
tracted simultaneously. Hot water dis 
solves substances which are insoluble in 


These 


referred to as insolubles 


water at room temperature (11). 
substances are 
or” phlobaphenes In addition, water- 
soluble substances not fixed by hide sub- 
These 


‘non-tannins ’, may 


stance accompany the tannin 


called 


consist Of tree sugars simple acids Inor- 


substance ~ 


panic salts and phenolic components 
which are not absorbed by the hide pro- 
tein The crude tannin extracts are used 


technically with little or no purification 


Uses of Tannin 


In addition to the use of tannins in 
producing heavy leathers, about 40 per- 
cent of the total tannin consumed in the 
United States is used to control the vis- 
cosity of the mud in oil-well drilling 
(46) Tannin is employed also in the 
manufacture of iron gallotannate ink 
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Smaller 


quantities are used in the flotation of 


by combining iron and tannin 


certain ores, as antioxidants in edible 
lats, and as medical astringents 


Dyes (12, 47) 
W hile 


were the only means of coloring fabrics 


some years ago natural dyes 


today the che ap and varied aniline dyes 
have almost completely supplanted thi 
natural dyes Only a few natural dyes 
ire still used, among them being several 
products of the forest Several of these 
tree dyes will be briefly described to illus- 
trate this type of lorest product extract 

One of the most lnportant wood dyes 
is that obtained from logwood (/laema- 
torylon which Is @X 
tracted with water in autoclaves unde 


( (Lint pe ( hianum } 


80 pounds pressure This tree is in- 
West Indies, 


America and the warmer parts of Sout! 


digenous to. the Central 
\merica he coloring principle is a 
compound called * haematoxylin ” which 
when oxidized, produces the actual dye, 
haematine Depending on the type ol 
mordant applied, the color imparted to 
fabrics ranges from blue to black 

The wood of Cuba or yellowwood 
(¢ hlorophora tinctoria) which produces 
a yellow dyestuff, maclurin, is a native 
of Brazil, Mexico and the West Indies 
The dye, known also as “ old fustic 
is used principally for dyeing leather 
and wool. The olive 
are particularly 


shades produced 
adapted for dyeing 
khaki cloth, and for this reason it is 
able to retain a place of some impor- 
tance in the world’s dvestuff commerce 

Quercitron bark is obtained from thi 
bark of the black oak 


(Quercus velutina) It contains quer- 


Inne! native 
citrin, which is a glycoside of quercetin 
Rutin, one of the glycosides ol quercetin 
has attracted wide interest because of its 
vitamin activity. Bark extracts of quer- 
citron are used in cotton and wool print- 
ing, proaqucing yellow color comparable 
to that provided by old fustie 
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Fic. 9. Tanbark oak trees are eut so they do not lay on ground 
on runs from May to A igust Co fesy The Timbi 


eollected and 


VOLATILE OILS pressures he distillate 1 


Volatile oile ire common constituents thy volatile Ol separated trom the byte 


of many plants distributed throughout OUS Phase, Some of the o we weed & 
the plant kingdom And there are a recovered, while others are submitted to 
number of tree species whose leave fractional distillation to recover 10Us 
bark and wood serve is sources lor tlie fractions OF pure compound 

production ol} iromatic and essential o1 Phe largest Olatile O1 Indust! or 
These oils are usually reeovered by course, the recovery of turpentine and 
team distillation of the comminuted pine oils from southern pines which was 
product either if itinospherie or hig discussed Previousts In additio vom 
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tile oils are also recovered in this coun- 


try from cedar-wood conifer leaves. 
sweet-birch bark, and sassafras root and 


bark 


Cedar-wood 


One of the principle sources of cedar- 


wood oil is the wood residue resulting 


from products manufactured from east 


ern red cedar (Juniperu virginiana) 


(35). The oil yield varies from one to 
three percent, depending on the propor 
tion of heartwood present in the material 
being distilled 


Production is mostly in 


Virginia, North Carolina and Tennesse 
Total annual production is about 300,- 
000 pounds, The principal constituents 
in the oil are sesquiterpenes, namely 
cedrene, a hydrocarbon, and the alco 
hols, cedrenol and ecedrol. It is used in 


the manufacture Of soaps, furniture 


polish, sanitary supplies and perfumes 
Secause of its high index of refraction 
the refined oil is used in oil immersion 
MICPTOSCOpPY 

During the last war cedar-wood oil 
was also obtained from Juniperus meri- 
cana in Texas (35) In this instanes 
the entire log was chipped and subjected 
to steam distillation for recovery of the 
oil the oil being the sole product re- 
About 150,000 Ibs. of oil were 
annually The 
and use of this oil are 


covered 
produced composition 
comparable to 


those of eastern red cedat 


Conifer-leaf 


The leaves from a number of conifers 
are used in the production of leaf oils 
Phese include black spruce (Picea mari 


ana), white 


spruce (Picea canadensis) 
eastern hemlock (Tsuga canadensis) and 
red cedar (Juniperus virginiana) (4) 
The oils obtained from spruce and hem- 
Jock are so similar that no attempt is 
made to keep them scparat The oil 
vields are from 0.1 to 0.6 percent The 
main constituents are borneol and _ bor- 


neo! acetate Production Is confined to 
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the New England States and is usually 
carried out by farmers in the winter 
time when work is slack. About 50,000 
produced annually in 
the United States The 


pounds of oil are 
major uses ol 
this oi! are for ointments, liniments, bath 


salts SOUPS and shoe polishes 


Sweet-birch 
bark 


lenta) and is 


This oil is prepared from the 
(Betula 
very much like oi] of wintergreen (54). 


ol sweet-birch 


The main constituent is methyl salicyl- 
ate Most of the oil is produced in 
Connecticut and Tennessee After the 
bark is chipped, it is steeped in warm 
water for 12 hours or so, 
distilled 
salicylate in the oil-is produced by en- 


zymatic 


then steam- 


It is reported that the methy] 


action 
About five pounds of oil are 
produced per ton ol bark chips The oil 


during the steeping 


period 
is used as a flavoring agent for drugs 
and candies 


Sassafras 
Sassafras oil is obtained from the tap 
root, stump and bark of the sassafras 
tree (Sassafras albidum) (54) These 
Maryland and 
uprooted by 
bulldozers and the tap roots and stumps 


trees grow in Tennessee, 
Virginia The trees are 


are hogged and chipped preparatory to 
steam distillation. The root bark con- 
tains about nine percent oil, while the 
wood has about one percent. The major 


constituent Is 


safrole, with smaller 


amounts ol a-pinene phellandrene 
The oil is chiefly 
used as the flavor in carbonated bever- 
ages, dentifrices and medicinals An- 
nual production in the United States is 


150,000 to 200,000 pounds 


camphor and eugenol 


Eucalyptus (24) 


There are over 500 species ol the 
genus Eucalyptus, and about 20 species 
have been found to contain oil of com- 


mercial value. These oils, in turn, are 
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In 10 Hary 


esting Eucalyptus leaves in 
Australia Courtesy Frit he 


classified into three types, namely, me 
dicinal, perfumery and technical oils 


Medicinal. These distilled 


from several species ol eucalyptus lol 


| 
Olis “ure 


sideroa ylor 


and k 


example, EF. polybractea, E 
E le ucoxrylon, k 


australhana 


dives vat (”’. These trees are widely 
scattered through Australia The fo 
lage is removed from the trees and is 
distilled in numerous field stills. The 


vield of oil runs about three to four per 
The 
and the oil has marked antiseptic prop 
erties. It is 
rubbing oils 


cent chief constituent is emeotl 


used in medicines 


eougn 


inhalants and other medi 


cal preparations The annual produ 
all eucalyptus oils in Australia 
amounts to about 240,000 gallons 
medicinal eucalyptus oil is also produced 


tion ol 


Porn 


in Spain and Brazil from EF. globulu 
and in the Belgian Congo it is obtained 
from FE. smithn 

Perfumery. The main constituent in 


along with geraniol 


Phese 


this oil is citronellal 


and gerany! acetate oils have a 
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sweet fragrance and are used tor scent 
ing soaps and cosmetics The fohage 


is the 


principal sp 
which 


from E. citriodora 


used for producing the oil, 


cies 


= 


contains about 75 percent citronellal 
Small quantities ire L1s0O produced in 
Srazil The foliage of BE. macarthw 
ilso serves as a perfumery oil It con 
tains about 60 percent geranvl acetate 
ten percent geraniol, together with smal 


amounts of butyvrie esters 
Industrial Oils. 
foliage of Ek. dives, | 


These are derived 


from the numerosa 


and E. australiana i! B (kh phil 
landra) The oils contain piperitone 
and phellandrene as principle constitu 
ents They are used in mineral flota 
tion, manutacture of synthetie menthol 
and thymol, germicice ind deodorants 


Camphor (26) 


Camphor and camphor oil are present 


In all parts ot the camphor tree (Cinna 


monum camphora) Vhictl vrows i! 


China, Formosa, Japan, Java, Sumatra 
and Brazil. It is not known just when 
camphor Was first used, but it appears 


to have been obtained by the Chinese i 
the latter 


The early 


part ol the sixteenth century 


camphor industry was aimed 


solely at recovery otf crystalline cam 


phor, no attention be Ing paid to the pro 


duction Of camphor oul Therefore no 


condensers were used in the distillation 
and extraction Was actually a process oO} 
sublimation Phe ipors were con 
ducted into porcelain bow! inddsothe 


camphor Wits condensed by ill cooling 


It was not until the early part of the 


nineteenth century that water-cooled 


condensers were devised in the provinces 


of Tosa (Shikohan Island) Irom then 


on the camphor industry made remarka 


ble progress. The new process of dis- 


yielded not only but 


tiiiation 


j 
ais) 


imphor 
an approximately equal amount of 
camphor oil which has lately reached 
Liinost 


itself 


greater importance than camphor 
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In 1879 new progress was made in 
Japan Ss camphor industry with the di 
covery thimt thy residual ¢ nphor ol 
till contained substantial quantities of 
Campo VYhich can iM recovered ty 
lTractionation 
The entire camphor tree, including 
branche trunk stump and = roots Is 
comminuted jor camphor producto 
(or the iveragt the whole tree yield 


percent 


LD | 
decamphorized oj 


I] the 


Oo! ind 
Lb 


trip or proal 


of camph 0.7 percent 


World Was 


icts 


lore 


total « yroduced 


in Japan and Formosa amounted to 
9000 metric tons annually With the 
production Ol synthetic camphor tro 
a-pinene or i inrge cal the natura 
product has lost some of its lormer im 
portance However! camphor oil ha 


position bree iuse | 


; 


managed to retain its 


contain iside from camphor, a number 
ol other components which are used in 
different industries 

(amphor is utilized as a plasticizer 
lor cellulose esters and ethers: in the 
manulacture | Plastics particularly 
celluloid; in lacquers and varnishes; in 
explosives; as a moth repellent; and in 
the manutacture of cymene In the field 


Ol medicine it serves a8 a local analgesic 
and antipruritic ind as a cireulatory 
ind respiratory stimulant 

Sandalwood (25) 

Coie type ol sandalwood oil is ob 
tained from the heartwood ol Santalun 
album, a medium-sized tree growing in 
the southern parts of India and on th 


island of Timor known as 
ibout 300,000 pounds 
annually It 


B-santalol 


Chis oil is 
Kast Indian typ 


are produced contains 


largely a- and and is used 


mainly in perfumes, cosmetics and SOAPS 


Another sandalwood oil is obtained 


from the trunk and large branches of 


Imures balsamifera a tree 


Haiti Thc 


two to 


vyrowing on 


the island of vield of oil 


Varies trom and an- 


our percent 


nual production is about 15 metric tons 


It is a mixture of cadinol, cadinene and 


" 7 
§-caryopl yilene ind 


Is employed as an 
ol 


iajunct in the seenting soaps and 


rious technical preparations 

Many other trees serve as sources ol 
volatile oils, and the brief diseussion 
ibove merely points out some ot the het- 
ter known oils of commerce 

rREE EXUDATES 

he extractive components of trees 
which may be classified as tree exudates 
usually are not produced freely unless 
there has been Injury OL sore kind 
These wounds may be caused by other 
falling trees or branches in the forest or 
by animal or insect injury Again, ab 
normal growt within the tree such fs 
eeparation ol wood structure leaving 
cavities, may induce exudation rhus 
when the cambium o1 sapwood ol cer 
tain trees is so wounded ipparently tie 
tree is able to set up i defensive mecha 
nism to heal the injury by producing o1 
synthesizing certain chemical compo 
nents. For this reason, for commercial 
purposes tapping Of some form usually 


has to he 
Iree production ot tree exudates 


As 


“> If ls 


resorted to in orde} to obtain 


there are many varieties ol 


tappe ad 


trees 


that when injured o1 


they produce different types ol tree exu- 


date Since there appears to be SOLE 


contusion as to the proper terminology 


to be applied to these various exudates 
eac! typ ol exudate will be treated 
separ itely because each has quite dil 


lerent physical and chemical properties 
Likewise 
different and interest different classes of 
In 


he re 


their respective uses are quite 


limited discussion 


brief 


uscrs the per- 


mitted only mention can be 
made of séveral types which are of com- 
Tht reial value 


Natural Resins (29) 


Although 
distribute d 


natural resins idely 
the plant kingdom, they 


are usually produced in small quantities 


are W 


in 


RECOVER 


Y AND 


only, and economic importance is at 
tached to compar itively few of them 
Some of these exudates are obtained 
from living trees, such as damar. Othe 
resins are of tossilized products of trees 
for instance, Congo and kauri 

Natural resins are insoluble in wate! 
and are not to be contused with § the 
vater-soluble tree exudates, properly re 
ferred to as runs hie ire soluble 
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\lost 


ind break with a clear vitre- 


of amber and brown to pink are 


transparent 


ous iracture but SOME are opaque 
Natural resins do not usually have ‘ 
definite melting point, since they are 
complex mixtures instead of pure sub- 


stances On heating, fusion takes place 


ICS 
vents 
Hardness is 


is Well iis 


one 


“itis 
state resitis may be ext! 


brittle such as amber a 


sly 


that hay 


ore ) 


other hand 


kneaded with thi 


most no 


Hnportan 
In 


emery ti 


natural 
ird and 
Ol thre 


nd some 


tmhev may bye 


therm 


O distinguls! 
Most resins 
ind 
Phi re 


bole 


Prom 
enti illy 


termed resene 


COls ist i 


neutral hod 


“CHOC ine Inert Tyst 


ther resistances 


iwents and 


tromatye 
defi 


int 


appear 


nature but cannot be placed im any 


nite chemueal « teu (other inport 


constituents Of resin ire iromiatye reid 


ind resinols, the latter of wl 


iwOleculal 


( opa 
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esi used il ni nd pai i 
lacture They are derived mal rol 
trees of the family La Wninosae inl 
ou part ol the voria some Of the 
resins occur in the Tossilized or semi) 
fossilized condition and have to be re 


eovered trom the ground 


( onvo copu resin is considered to tx 


derived mainly lrom ( opaifera de 
MLEURET i common tree ol the Jeloian 
( oOnvo Thy native collectors low ite the 


{ 


pieces of resin by prodding the ground 


vith iron tipped sticks, After collection 
the piece of resin are cleaned and 
graded for color and size by hand The 
four main or basic grades are cleat 
white, pale yellow, amber and brown 


About 18,000 tons of the resin were pro 
duced in 1935, and the industry is still 
a valuable one In addition to its use 
in varnish, because of its thermoplastic 
character, it has been used to produces 
pressed and stamped articles, often in 
combination with shellac 

West African copal is a fossil resin 
derived from ( opaifera copallifera 
vVhich is also the source of a fresh resin 
obtained by tapping This tree occurs 
from French Guinea to Nigeria Trees 
ire tapped by cutting squares of bark 


from the trunk at intervals, working up 


wards trom the base As the resin 
exude it forms nodules two to thre 
neh in diameter whicl ire allowed 
to dry ind harden during the ary Cheon 


bn lore bn lng re moved 


cast Afmean copals ive been held 
high esteem by the varnish maker, being 
the hardest oj all copals This resin 


der) ec from the tree 7 achylol im wer 


rucoasun md ma be co ected trom the 
vil tree rol the 0} i sen | 
ized form, or fossilized trom area Vhere 
the tree no longer exist It is a ta 
evergrec! tree im othe Const Aa 1orest of 


langanvika and also in Kenya A char 


wteristic Ol thi resin is its pecullal 
roughened suriace whic erves to dis- 
tinguish it from a other copals 
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least Indian and Manila copals, also 
Known as Manila resins ire obtained 
hy tapping hyath alba trees growling 1n 
Sumatra and the Philippines (39) 
Pieces of bark are removed and the ex- 
posed wood cleaned to provide a suriace 


for the resin to exude and harden After 


every resin collection, a thin stice of 
bark is removed trom th upper edge ol 
the wound to provide new openings in 
the resin ducts to stimulate flow Ave! 


ige production is 26 pounds a year per 
ree The major ipplieation ol Manila 
is in oil and spirit varnishes and paints 
Chey are also used in plastics driers 
inoleum, oileloth and adhesives 

Another copal is obtained from Aga 
this australi a very large conilerous 
tree native in Australia and New Zea 
land, the Kauri pine. Like many other 
copals that from the Kauri pine is found 
in lumps buried in the ground. Most 
of these lumps are one or two inches in 
diameter, but some are much larger. 
weighing up to 100 pounds. Nearly all 
of this resin comes from the northern 
part ol North Island of New Zealand 
It is frequently called Kauri gum, 
though it is not a gum, but a true copal 
resin 

Dammar natural resins are derived 
from trees be longing to the family Dip 
ferocarpacen and are of great lnpol 


tance in the Indo-Malayan and East 


Indian regions As a group, the dam 
mars are characterized by their tree solu 
bility in turpentine and coal tar hydro 
carbons which serves to distinguish them 
Irom the COPAlSs They in Ol “pecial 
Lilie in the manutacture of o-culled 

spirit Varnishes owing to the ale 


eolor and good OLDS 

The botanica ources of [ast Indies 
dammars are Hopea lryobalanoide ind 
Hopea globosa in Java and castern 
Sumatra Malaya and Siam resins are 
obtained from Balanocarp s heimu which 
is one of the chef timber trees in Ma 


iva Che collectors make a number of 
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incisions at intervals up the trunk and 
the resulting fluid resin gradually 
hardens 
Oleoresins 
Oleoresins are tree exudates which are 


water but 
They 


resins 


viscous liquids, insoluble in 
soluble in most organic solvents 
are distinguishable from natural 
in that oleoresins contain a steam-vola- 
tile oil fraction, usually terpene in na- 
ture, in addition to a non-volatile por- 
The best known 


been discussed, 


tion oleoresin has 


already namely, pine 


oleoresin obtained from turpentining 
southern pines 
Another 


balsam fir 


oleoresin is obtained from 


(Abies balsamea). a conifer- 


ous tree indigenous to Canada and the 
northeastern United States (41) It is 
known as “ Canada balsam ” and “ Can- 
ada turpentine The term “ balsam 


is incorrectly applied to this oleoresin. 


since the true balsams are characterized 


by the presence of benzoic and cinnamic 


acids, both of which are absent from 
Canada balsam It is also known as 
Canada turpentine and this, too, is 


actually incorrect, since it would imply 
that the oleoresin is entirely steam- 
volatile This is not the case, since it 
contains 70-80 percent resin together 
with 16-20 percent volatile oj] The 
volatile oil contains L-a-pinene, L-p- 
pinene L-8-phellandren and bornyl 
acetate (36) 

The oleoresin is found under bark 
blisters and is secreted normally in 


canals formed by 
in the bark of the 
in small reservoirs forming blisters, 


separation of the cells 
tree It accumulates 
and 
collected by 


is olten puncturing the 


blisters with the pointed spout of a can 
into which the oleoresin then flows It 
is a transparent and viscous liquid with 


odor \ 
of this oleoresin is the little ten- 


an agreeable terebinthinate 


feature 
dency it shows to granulate or ervstallize 
on drying Phis 


together with its high 


BOTANY 

refractive index, accounts for its use In 
work 
lenses in optical work. It 
for making spirit 


Microscopie and as a cement for 
ls also used 
varnishes and as an 
antiseptic dressing for cuts and wounds 

The from Douglas-fir 


(Pseudotsuga taxifolia), also known as 


oleoresin 


Douglas-fir tur- 
both terms being inappropri- 


Oregon balsam” or 
pentine ”’ 
ate for reasons already discussed, 1s 
found in cavities or pockets produced 
in the trees by windshake (48). These 
cavities, in time, fill with oleoresin, and 
when an opening is cut into such a re- 
gion, the oleoresin flows out It is a 
transparent, syrupy liquid, with a pleas- 
odor It 
greenish-yellow color and consists of a 
volatile oil (26-38 


a- and #-pinene 


ant aromatic has a pale, 


percent) containing 
It is used in the manu- 
facture of varnish and porous plasters 
and in the ceramics industry 


Klemi is an oleoresin obtained from 


Canarimum luzonicum, a large Philippine 
tree, by trunk 
(30) It contains 20—30 percent volatile 


oil When fresh and ol good quality, 


making gashes in the 


eclemi is pale yellow, soft and granular, 
but on ageing and losing its volatile oil 
it darkens and sets. It is employed in 


Varnish, printer's ink, and in ointment 


Gums (31) 

True gums are polysaccharides, which 
are either soluble or colloidally soluble 
in water seing polysaccharides they 
which 
distinguishes them from resins and oleo- 


“ure insoluble in organic solvents, 
resins soluble in organic solvents. Gums, 
on heating, decompose completely with- 
out melting, while resins and oleoresins 
melt 


Gums are totally unrelated to 


resins—physically, chemically and in 
application. 
True gums may be divided into two 


main groups: a) soluble gums, such as 


gum arabic, which dissolve in water, 


forming transparent, viscous and adhe- 


sive solutions; and b) 


insoluble 


ZuUllis, 
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cl is gum karava, which when piaced While there is a considerable variety 
in water absorb it and swell into at ck ol tree producing guins, only two will 
( ly vhicl Vil idaitiona mmounts ol De col dered here tor thev are ol reat 
water, forms a thick translucent solution est commercial interest 
§ i color of solid gum varies almos (one of the most productive gum ara 
from water vhiite throug! various bie areas is the Anglo-kgyptian Sudan 
shades ot yello unber and dark brown regio! (ver 21.000 long tons of the 
Some of the best grades of gum arabiu product were exported annual before 
ire almost colortess They are usually World War II Although there ire 
odorless ind sone may bye tasteless many pecies of tcama in the Sudan 
~() { ] tly vyect or ¢ el pittel i( commercial aa ] obt ned timnost en 
cording to botanical origi \lost lth tirely trom one pec lear ! eneqdqa 
reak wit i cical lOssy tracture vhel! The tree } from 15 to 20 feet in height 
roperly dmed | icy ire ChHerTuULty \ ima olten bra ( ceil rol heal thie 
rroscopie and will absorb moisture d ound 
become solt il mid atmo phere Vi \ Wit ixt Iseal il tapping Lhe 
cosity of a@ solution that a mn torms Dinde is adrivel thy mice the bark 
With water Is ol pra inount lnport nee ind then the two evered end pulled 
n determining the quality o1 ilue oft one ul nd one down, causing long strip 
wn the higher the viscosity the bet ao! bark ( e to two mete Wide to be 
ter the ruin The imscou olution 0 tori 0 the ft ( L hye iN orms As 
Ullis ll! Viale ire COLO ll ture t¢ Wiou er won thi 
| cy exhibit Vellng pre ire a torn ped ecto! vyhere the ire i owed 
els if very how Concentratiol | to ary then collected some ot the gum 
eflect, they prevent agglomeration ded by ind prekiu Sun bleach 
settling of finely divided particles and ng is carried out by carefully spreading 
precipitate It is tl property 1 the tears or eets in the sun for severa 
rende! ultis Valuable 1! many of the COCK Thy viyv¢ i more unllo m colo 
ist notably nhs te hie co ete lt aaition t Ssudal iCACIA Wms are 


pharmnaceutlica ind ood Indu i obtained from Frene West Afriea. Ni 
\ pore OUSLY mentioned I lf l era | ist Afri i Nort Nimes India 


| | 
ir poly ef wid Vii hel i) nd Australia 
ected to acid hydro r ire broker! Karava gum. o1 Indian tragacant} 
aqdown to ther component nian i if iiso called olbt waned from Ste 
ple ¢ irbohvarates lor Instance irradi Culia ire i Videsprend tree In India 
Ost ind galactose ind a carbohvari (40) It j i irge deciduous tree with 
icld, suc! i ildobionu raiacturonic oO i characteristically moot white Ol 
wucuronie ic lds Sometime trie ill green grey bark W if pre om in large 
contain minera miatte Cult i! ! i thin papery flake (sun rroduced 
nesiuin oO! MOTASSIUN Usually trie Weely ny tiv tres ‘ oy tapped Thy 
orm of i iit nethod of tappi oO DIAZ thy tres 
(one of the main use 0 ums DY mal i in lnportant DeCuri on their healt! 
] “till as food or the DULK Of Imported nad them tite Thy blaze not iarger 
Pullti enters trie ceontectionar trad t i! i square Toot hould be eut oas to 
(jum arabie is used in medicine pri “lO Vater to drain treely, tor wate 
CIPALLY is a ( cle n a irge numbe reta in pocket ire ible to cause rot 
1 proprietary preparations (other use After the first colleetion of gum has been 
include treat y textiles na Ape! i! mince the eda ot the blaze ine craped 


calico printing ind dyeing proce =f o encourage further production of gum 


1 other indust 


pointed out her 


ine obt ine 


uli 


irabo 


bemg tound Ol 


It is 


(Lariw larmindal 


yrowtl Putt ; i t) 


“some 30 year iwo Western 


xtracted for production 


xidized to 
but i 


sted 


Balsams (32) 


resinou 


,and pung 


ol 


by 


balsam 


Storax 1s 
] quidambar 0 


lorest ree in 


ma SSID 


pr 


id semi-fluid substance 


Will tron 
produet is 


bro 


purified semii-ti 


and yellows wh 


percent Storesin ind ‘rious 


mina wd pereent 


nai 
luming 


fl 
nave 


SOU) 


tobacco and I rT 


ring 
Purpose 
Peru 


obt ined 


tree 


present 


be nZzoiwe 


Peru 


It contains 33— 0 


powde}) Ih ClOUS 


Irom 
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southern Mexico and extends southward 


thie 
100 


t in 


America, mainly on 


hroug! 

It high 
trunk 
Phi 
balsam is somewhat crude 
or kill the Phe 


in places 


gTrOWSsS 45 as 


600 DOO 


if 1ood 


to three ler 


up 


usual Indian method of 


diametet! 


ovtaining the 


ind hlable to injure tree 


irst beaten 


about square 


i suriace 


foot to loosen bark, and ne outel 


type portion ol the removed Thi Cx 


posed surlaces then covered with a 


piece of cloth ibsorb the exudation 


\t 


Vit! 


imounts intervals the surfaces are scorched 


old i torch and then the inner bark re- 


© stimulate flow Eventually 


Is hoiled and pressed to se)- 
Phe 


balsam 


irute Hie balsam tree does not 


normally exude the to any ex 


nence the special treatment 


50-60 


tent 
Peru 


CMmhnameimn 


balsam contains pereent 
esters of cinnamie and ben- 

zoie acid, about 28 percent styracin, and 
ex! vanillin (43) lvador the 


bye tween 


In Sa best trees 


five pounds of 


used medically as 


four and 


It 


and 


ent taste yield 


ol Daulsam a veal Is 


in parasiticicde 


st known intiseptic 


perfumery and soap making 
production of Peru 
about 150.000 pounds 


half 3 


ind 


nual In 


balsam 
of whiel 


{ 


- exported to thre L nite | 


VM yro 


distributed 


tree vielding Tolu balsam 


halsamum widely 


America 


srazil and the 


Is 


be ny common Ink 
Arg 
Nl ost 


COoTmMeres 


n South 
entine vhere 
ol lolu 
is obtained 
Phi 
| 


ped 


parts of 


timber thie 


Venezuela 
cutting \ 


olombia ind 


sh 


bark and using calabashes 


trees are Lappe { by 


rashes in the 


transterred 


the 


which 1s 


collect tl resin 


coust 


est ! ' . . transport 


ma finally into tins Oo export 


When 


fresh balsam is a soft, tena 


vellowish-brown mass, but in time 


eventua becomes brit- 


sins 12 


irdens and 
It 
ilnic 


10) 


mecdicina it h 
cont 
VW yvro cinn 


ibourt 


ind wenzol1 


crows il percent ate 
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and a small amount of volatile oil It 


is used in medicinal preparations 


mainly as a pleasant ingredient in cough 


mixtures, and in the perfumery industry 


Latex 
Rubber is a product obtained from 
latex i milky secretion which is found 
in the tissue of a large number of plants 
When the plant is injured, latex flows 
from the wound, and on exposure to all 


it coagulates and darkens Rubber is 


mainly a hydrocarbon 
Qo)t the itex in 
(He veda 


first place iol 


Inany plants yielding 
Para 


stands in 


quantity thr rubber tre« 
bra erini } 
It is t 


and I> 


member of the 


Spurge Family 


round in the Amazon jungle 


\lost commercial rubber is obtained from 


Hevea 


In Lapping 


plantations of grown in what 1s 


now Indonesia t spiral cut 


Is nade in he bark, care being taken 


injure the ecambium \ spout is 


piaced at the lower end of the eut, and 


tlie exuding latex collected in porcelain 


cups. Periodically a thin shaving is re 


moved to cause additional latex flow 


Shaving continues over a period of three 


to eight weeks, after which the tree is 


ett undisturbed to recove!l 


Che latex is gathered trom the cups 


and coagulated by different methods 
In one o thes icetic acid is added to 
the tresh latex, which has been set in 
shallow pans The rubber then forms 
as a sheet on the urtace ot the liquid 
The sheets are removed and squeezed 
between rollers to remove excess mois 
ture Phe resulting product is erépe 
rubber Some latex is treated with am 
monia and shipped in liquid form to thi 


rubber factories This in turn ean be 


treated to form the many well known 


rubbe I industry 


products ol the 


Maple Sugar (49) 


he only industrially important 


Irom whieh sugar is obtained irom thy 
sap is the maple The chief soures ire 
thie suga} THieap ie { (ce vacchay smn ind 
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thre black maple { (ce? nigriwim decidu- 


ous hardwood trees of eastern North 
\merica lo obtain the sap, small holes 
ire bored into the sapwood near the bas 
of the trunk i channeled spout driven 
into each hole, and a bucket hung on the 
spout The ready flow of sap oecurs 1D 
the early spring when tree metabolism 
and growth are again becoming active, 
usually between the middle of March 
and the first part ol May The usual 
yield is ten to 15 gallons of sap per tree 
Which is equivalent to about three 
pounds Ol sugal The colorless syrup is 
poured into pans and evaporated with 


wood fires, producing a thin brownish 
syrup. The syrup may be further con 
centrated until it erystallizes as a brown 
sugal Maple products ine used to 


flavor tobacco and in candy manufac 


ture Phe principal producing regions 


New York New 


england States Che annual production 


ire Vermont ind other 


in the United States in 1944 was 21 
million pound 

Maple tree sap contains about three 
percent sucrose with small amounts of 
invert sugar Also present are organic 
icids, chief of which is maleic, largely 
mm othe form of potassium and calerum 
salt 


MISCELLANEOUS 


In commercial use 


tree The best 


\ number ot wane 


ive derived from palin 


known and by far the most lnportant 


Is carnauba wax tained trom the 


ienves of the palm tree ¢ operniew ceri 
(58) Ihe 


is Brazil 


natural habitat of thi 
Carnauba is a straight-trunked palm 
Ol slowV growth ittaining in iverage 
ifter 50 
bark is sealy 


only 25-40 feet. even 
(58) The 


ind thick, and the leaves 


elght of} 
yveurs ol growth 


rough 


yrow ouft 


lrom vyvard-long petiols In Wide serned 
lan shapes While th tree is perhaps 
best known as the ource of carnatba 


brazilian setéo it is literally 


‘thee 


ra’ OMI« HOTA 
not o Oo | ind CA ero} either ¢ RNC ‘ rol ot directly 
Cline oOlait ( ( | | ( o otten ba ed in powder torm ana 
i | ; rr ; ; 
in} inet 0 nti i ( \ wai to the cous | ( rie ed WuAXx 
r ig insect attach irk 10 fire { on during the eating ind the! 
ood. the leave {0 re ind do { ed throu i thick clot! The wax 
i the tends end oot ‘ 1 1ood | owed to coo ind the hardened ma 
na ¢ > tn ‘if nto wihe rie ] té i mered nto ¢ ink 
’ ror rim ibetance L hye j (On the average ‘ vill vield yut 
} ’ | { ‘ ) ’ 1\f 
v1 ( j el 0 ( ] ‘ ‘ ‘ 0 ix ou od CH 
cl tive ] ] ) ted t tM tie ( ree ‘ (jf eit nro 
{ | { ay ¢ byt ; 
re el 0 eotler Ke ‘| } \ ou eeaduynre ece iy oO obvptain e ¢ 
j ; | . { { : ; . ’ 
‘ " pret ed rm ( medu on acts ol ¢ nauba wax is ( ir 
{ iv be fermented to known ercially Phe total import 
; | re I'nited Stat 
ol ¢ iulb ( ( yten ite 
rt tons 


i a ‘) { (ititir 
t | te { | ‘ yf ‘ 
rat ‘ ‘ ‘ ine ( ( nto ! te eerotate ni quantitle Oo} 
(‘ordage net haske t a | eerotiec acid and vri ileoho! 
| j t hyp ent t t thre ie oO] these Tee il mdustry ito | wma 
14 Z eont ou tiv | tree enther are il It 1) \ I mnportant 
( eer \ one ¢ the best porart i! tive ! muliacture ol earbol 
istrations ol ou evrated | rey ind il candle manutacture 
re | ‘ fhe it Zatti of} tuys prod Codther Int ir’ ! Hotograph in 
let ( } 1 ( 0 ri VOouW OT? 
Cutt und irvest of the leave tains 
ene i tnike Te aquri tiv ars lung o KNOWN Also a ( Inn wood 
mont Oo} Tlie yeu! Inu petwer ‘ ~ OK ed Tron tive eeds Of thie 
September and J mr The collect ful ‘ tree (Aleurile fe 117) native 
ehon ou thi tel vil eurved 0 ( ma ind Jap (50) Inere isin 
elle ke knife fastened to e end of mportance of tung oil in the paint and 
7) pane \ tiv ‘ ( to tie imhiist mdustries ed to extensive CX 
wd, the ol tt ( ed on verimental planting ol tung tre nh tlie 
mi then the enve ire ¢ etully tral United States The greatest acreage I: 
orted to a central terrace for dryin in Mississippi, followed closely by Flot 
mn othe | ere are two cuttl io) wit Productior oO} native tung 0 
in part) per tree ! i normal ven reached five million pounds in 1942 
but there is a vield of only eight to 12 Fung oil is a fixed oil, which is non 
euve er cut oO1latiie It is a fatty eid giyeeride an 
\ite! tlie ( ( nave aried or ‘ Is ( issed fi i adrving ol lo! on @CXPo 
eral aay they are carefully taken to a ire to al it forms a tough elastic filn 
thie i! miand padi apart Dy imma e oO] s expressed irom the seed col 
to loosen the Wax Chev are then beater tamed in the truit The fruit mature 
ivuinst yooden vhorse te remove n September or October and is alowed 
uit the ix dust The dust Is yep to Tf to the ground Im the Unite 
into st Dil 0 mgs prepa tory to state trie Ol is expressed in moder! 
meltin ml using a decorticator and an ex 
earned out “Heiters I IM ( pres Ph seeds yield woul 20 


nterestil develop 

out ! e chemi 

Darks hie (drevo! Forest 

\ lf is native to the Ande in region Ol Products | wboratory iN int ina His 
the American lropu Vas transplanted colleagues have recently tound none 
te the Fa Kast by the engl ind the othe! t ! - { it Dou tht bark 
Lute in the middie o thie Nineteent ( Pe idotsuga ta folia) conta il id 
( entur' Phere it flourls ed iI ( dition to the pre wu \ Known tannll 
tended piantations ind = be re Wo! 8 | il ibundance ol Vix i it oO dihnvaro 
War II the Netherland Indies (now hh quereitin (37). The yield of wax Is five 


done i) alone iccou i | nm} 
ol thre total vyorid producto Oot el ft t nad dilivaroquerciti round seven 
r on hark Boll iW Vi tive Ost percent \ | elimmnar’ irket resenrel 
ortant | itin \) eCTICAl piel ( l tucy na re enied t end ol trie 
| ited Pp inting ire iIncrensll wna roducts appen! to r ood commel 
output particulars from Cruatemaia ( outiet \! rite ited extraction 
expanding roc bee! leveloped and a ptiot 
(ouinine sulfate i pecite lol iia ) nti oon to omto operatiol 
the principal product of the bark, a several ve io the Western Pine 
though it iiso Vit lds ia quantitie {) \ ociaitiol he enre | pooratory ‘il 
quinident isedl) on certain eart | covered that old ponderosa pine tump 
ments eimchonine emchoniaine mma yood (Pu / por lerosa) i ovging resi 
other medical alkaloid The tree ‘ chine eontain up to 20 pereent rosin 
quire everal yvears to mature sufficient] together wit ie inount | Olatile 
“> that the part ean te i ested Ol (1) \ Prhia extraction plant ha 
\bout ten venrs ire required bet eel been mstatied to determine thie potentin 
planting Ol eeaiing ind = =peuws commercla Lilie ol tii CWly al 
esting eovered oures ol Ost | itive tiie 
Orevor Lume (‘ompal Resenre 
| morartory ecentiv ce eloped a rot 
\ ie CTIpLOs ponder t pine fur 
yooud ol inv oLnel re mou vood i 
Dine ma Zine went hberboard 
}) oaduction (3) by employing thi lo 
I ‘ t¢ vii | ri ! resinou 
extract ‘ in hberbou i} COMPOS! 1aoti 
it rey i tive more { ti' yntneti 
Dinder ma Zi! ent 
Vlore recently tte | niverstitl 0 ( 
0) i b ore t Product | pmorato i 
found that sugar pine heartwood (Pinu 
ambertiana) l Vast ad stumpowood 
contain re atively ire ount 0 
lection l t ine other svnthetie mwnito 1 evellto (4) | ‘ mill Vast 
ded about four percent, ¥ e stump 


148 ECONOMIC BOTANY 
yoo g ¢ eight percent vicid ol t . processing the trees tor extract recovery 
interesting product Phi eyelito Is 1ione Will, IN most Instances, not pay its 
ead recovered trom the comminuted i) However, if integrated utilization 
ood by water extractior Market re methods are considered along with re- 
eares tude e planned to ascertain covery ol extractive suc processing 
the potential commercia sue O1 this may become profit ible Examples ol 
extractive product ich integrated processing now In opera 
Conidendri lwnan heen re ion are e use of exhausted chestnut 
covered from sulfite iste liquor on pilot vood chips alter tannin extraction for 
plant seale (38) It is been iggesteqd pulp and the utilization of spent soutl 
that derivatives of conidendrin be used ern pine stumpwood chips for manufac- 
intioxidant nd lor pharmacological turing fiberboard sheathing Thus the 
Purpose entire held of potentially commercially 
{esearch is bein conducted in’ Eng iVailable extractive from trees should 
nd on the nature ol extractives in be re ippraised wit integrated process 
tropical hardwoods of British Guiana to” ing in mind. Processing a raw material 
find additional outlets other than pliysl lo single product recovery, at best. 1s 
eal utilization (18) Phe heartwood of i hazardous undertaking, while diversi 
one Ol these irdwood namely, Wallaba hed processing Ol a raw nate rial to pro 
ik perua sp.), ie ery resinou contain duce multiple uselul products through 
Ing up to 30 percent extract, soluble in integrated processing lends stability to 
wetone or aleohol rhe resin is not of that industry (ne need not look far to 
the abietic acid type but of a Puenoie find that the most stable and expanding 
nature Catechol is readily obtained — of our industries are based on diversified 
from it on destructive distillation And product manutacturing 
the non-aqueous part of the liquid dis 
tillate is reported to be highly toxie to LITERATURE CITED 
wood-destroying fungi and may there 1. Anderson, A. B. Rosin and other ext 
hore bye uselul is i yood preservative tive irom ponderosa _ stumy| Pa 
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Alkaloid Hunting 


. About 950 alkaloids have been isolated and named from 
the two percent of all species which have been tested for 
them. As a guide in further search for alkaloids, their 
presence in and absence from some 250 families of 
plants are here tabulated. 


J. J. WILLAMAN 
Kastern Utihzation Research Branch, Agricultural Research Se r 
United States Department of Agriculture Philadelphia 18, Pennsylvania 
AND 
BERNICE G. SCHUBERT 
Horticultural Crops Research Branch, Agricultural Research Service 
United States Department of Agriculture, Beltsville, Maryland 


Introduction botanical world; pharmacologists are 


; ' g here gical actio 
Alkaloids have been known for a long evaluating the phy iological action of 


) y “3 | ug olyt the sts : 
tin Henry (8) states that the first now Om rought to ligh chemist oh 


SOL ry th structi sf oducing 
crystalline one. narcotine. was obtained olving thei ructure ind producing 


by Derosne Ih 1803 From then on 
events occurred rather rapidly. Henry 
voces On tO Say A Jetween 1817 and 1840 


practically all the more Important alka- 


derivatives; nations are exploring then 
native flora for useful alkaloid drugs: 


and plant physiologists are still ponder- 
ing the question, why do plants make all 
these nitrogenous compounds? 
loids were isolated, including emetine T| as D 
he purposes Of the present artic ar 
veratrine, strychnine, piperine, caffeine % Pape we PSCOCEN SrLeen : 
to show the present world-wide interest 
quinine, berberine, coniin itropine 
; in alkaloid studies, to put on record the 
codeine, thebaine. cinchonine. hvoseva 
' statistics in this field up to the present 
Thilnhe eurarine, Quiniaine, aconitine and l 
: 6 il tk I cat where { ti f 
colchicine By the end of 1952 about axa Id , owe “s e in the botanica 
. wet world tl ’ \ i table | ting 
950 had been isolated and named Phe =( =e oe = ohtable hun _ 
oy a19 in the future 
had been found in about 77 families, 317 


genera and 807 species. In addition to 


| ’ aCe ‘ Irece . 
these alkaloids which have been named Recent and Present Activity 


and their chemical characters determined Probably the most intensive and ex- 

In greater and less detail, the presence tensive surveys of plants for alkaloids 

of alkaloids has been established in still is that under way in Australia and re- 

° another 20 families, about 220 genera ported on by L. J. Webb He states 
and 395 species Thus at the end of “A systematic field survey of the 

1952 alkaloids were known to be pres (Jueensland flora for alkaloids was be- 

: ent in aproximately 97 families, 519 gun by this Council in September 1944 
genera and 1202 species Kven so, only as a continuation of the war-time proj- 

2% of all species are on record as hav- ect which aimed to grow important for 

ing been tested for alkaloids eign drug plants in Australia, and to 

Interest in alkaloids still continues locate and develop substitutes from local 


Pharmacognosists are still exploring the plants for drugs in short supply 


occurrence of particular alkaloids in the (Jueensland was chosen as the first site 
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ar inve ines t offs diverse \ perennial held of study and specu 
evetation ' ‘ a roe ‘ren 0 itior the degree t \ ( ilkaloids 
trop. rau ore 4 yublie il ! il ‘ 0 ore eneru \ 
hor t Vor f hee | wed (26 ted, the ClALION OF Chie a constitu . 
2} | adaitior t¢ ‘ ehemy4 ‘ to taxonom ( iu 9) Isl! thie 
NOTK fit Deel tarted Oo thi } od occurrence Of alkaloids as one o ( 
of Australian Rutaceae (12) teria, concluded that in the Liliacea 
Recent \ Ru lial expeditior ( e taxonomy oO} this lamily is DaASeCd Fi 
nto Central Asia and the Trans-Baika on phytoconstituent ippears to sub 
r ol to Ook 0 Kalold-bearing tantiate In most Instances, the taxol 
plant md OOo more new pea vere omy based on Morphologi 1k CHAPACTOT 
ound (7, 13, 17) tie When he came to the whol 
Art j (l) creened Ove 210) pec dant Kingdom oweve a (4) cor 
Ol plant i! Nort B reco ( Wed \t present the role Ol phyto 
lr thie \) renting ( odo f)) ooked eonstituents seem to ive no re ition to 
( iikaloids in the bark of native tree phylogenetic taxonomy though possi 
ind Novelli and QOrazi (18) collected bilities for its use in general taxonomy 
Iblished information on t aru i ( nite Phe field of phytochemical 
ol the eountry investigation has much to offer betore a 
In our sporator’s mn extensive urve’ complete relationship petween the con 
ol plant ] under Val primarily t tituents Oo] plants and the taxonomile al 
eare! lor steroid ipogenil Ire ingement oO ] ean be CONnCLUSIVELS 
dental to this, qualitative tests for alka established 
ol ind othe group ol constituent Webb (28) v1IVeS considerable t ought 
vere applied to a Nant sample \! to the relation between alkaloids and 
though the results for the first 1000 sam taxonomy as he found it in (Jueensland 
les o1 have been pul ed (24, 25) plants A few quotations will illustrate 
e are including here the alkaloid data is deduction Within a family suel 
on the first 4000 imple Phe list in i \pocynaceane certain tmbes contan 
elude pec ne enous to the America ilkaloidal] Specie Vhile in other tribe 
ind to Sout \ r ind cxotr pec ich species are ibsent Within 
ro n botanies rey nthe Unite renera such as Evodia Icronychia, o1 
State Melicope in Rutaceae, it will be ob 
Besides thr bove regi inve erved that comparatively few pec 
ome countries miTLICUlA Dinnt lan ( eontall ilkaloid 
it Deu timiied i hMuou \ 0 Ol | ¢ Trenson | obscure tor thi erratie 
fo occurrence Of AlLKALOIG Put iikd occurrence Of al Old imong plant re 
to tiv iié tificatye tructure me raed se Closely elated on conventiona 
physiologi etivit Phu Canada taxonomic ground lt owever, | 
° . 
if l { P ) { Cont (| I CCU) MIZZIING \ ch o er constituent Dpesicde 
ne La l no ( (Pap jonncene) 1 iikaloid ine Consmcred | l Tie 
23) ! New Zealand La lninosae Ocul No! caloidal Rutaceae nevertl 
(30); in Spain, Pa onacene (19) ! ess contain chromens nd f one ol ° ° 
lapa Men permncene Berber aucent i ! DAS structure to the LiKAIOIG 
ind Magnoliaceae (20-22); in Russia, in related species (Melicope, Medicosma 
Ras Mcuinecne md la il Omit (11 nd i hia) Ap irently These pec 
2) Ino er pine the held o tudy ao . ire eertal metabol pat 
ore limited—Mahonia in India (3), which later diverge, depending on th 
i] hena in Germany (2), Erythri evolutionary storie Chem 
, in the United States (10) data have a idyv p ed « alu 


¢' I ih ven Vould indiente the ade ores 


Pearly 


7 


OV enliized = that probably Only one so much so, in ict, that a Ol them can 
peel is represented. On the othe not be presented here wo tables were 
ind Stryuchno psilosperma | Niue! prepared, one by fanoilie ind one by 
and S. arborea \ \\ Hill ire doubttfully roneru lable | o1rven ere lists the 
distinct botanically vet differences 1 najor tamiles generally ecognized by 
tween their alkaloids suggest that they botanist ibout 235 tive ipproximate 
should be separated number of species im enc ind the num 
‘ Henry (9) cites many interesting ex ber of species on which there is alkaloid 
aniple on bot} “14es Of the questo Intiormation, either for it presence oO} 
In some cases tIkaloids and taxonomy absence Phi lollowing 48 families. wit! 
fit hand in glove; in others they bear no 238 species, whieh are extremely smal] 
mutual relation Perhaps tine “ulest ind on Which there } rh ilkaloid in 
eonelusion at present is that not enough lormation ire not given in | ible | 
plants have been tudied as yet to Istily Che number alter the lamily is the num 
deduetions ber OL species in it 


Lists of Alkaloid Plants \ po 
ChHATIACCHE, 5 


if Prriliacene ) 

A list was compiled Ol the tamu \doxacenc Cy olomataceas 
genera and species known to contain A ncistrocladacen | 
alkaloids This was done by searchin 12 (iinkgoacene. | 
Wehmer (29), Henry (9), Manske and Batidaceae. J Gomortegaceae. 1 
Holmes (16), Biological Abstracts Brunelliaceae. & CGonystilaceae. 7 
through 1949 and Chemical Abstracts  Buytomaceae. 9 Grubbiaceae. 3 
through 1952 and partly through 1953 Carvocaraceae, 15 Hydnoraceae, 7 
\ few items were picked up in other Crypteroniaceae. 4 H ocarvacent 
places (ephalotaceae, | 1] 

These sources gave only the knows Ceratophyllacea Krameriaceae, 13 
occurrences, since in general negative 3 Lactoridaceae. } 
findings, in this case known non-ocecu Cneoraceae, 12 Leitneriacene. | 
rence do not ippear in the teehnica Colume iceae. 3 Lennoaceans 4 
literature Since it) iseclul 10! l f Cora cene, 10 1.) nant ene, Ss 
oid hunter to know where alkaloids hav Corvnocarpacene \I wcaceane, 7 

ught and not found, this inf Mvrot nnacen 
Ont hacen y 4 
() fo ‘ ‘) 
ray ov ‘ () fe ‘ t) 
i Cone 
omoriacese, | 2 
tiecacene f p macese. 1 
MTISIACCHE 10 Si ile icene_ & 
etracene. & Saururacese. 4 
1 ‘ i ! or , 
’ 1 tw 4 y 
y le } hie 
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PrABLE |] 


FAMILIE 


Mason or FroweRine P 
rue Tora, NUMBER OF SPECIES 

NUMpEn OF SPecies WITH 

Positive on NeGarive 
rOoR ALKALOID 

Species Total 
Acanthacens 2 400 
Aceracenc 1 
Actinidiacens 285 
Aizoucene 600 
Alisematacens 60 
Amaranthacene SOO 
Amaryllidaceae (1 1310 
Anacardiacea 600 
Annonacene B50 
A pocynacene 1 300 
A ponogetonace uf 22 
Aquifoliace it 500 
Aracen 1,500 
Aralacene SOU 
Aristolochiacene 100) 
Asc piadace i“ 1 800 
Salanophorace 10) 
Balanoy rdacen 10 
Balsaminaceae 10 
Jusellacene 22 
jegoniacen SOO 
Jerberndacence 1) 
Betulacens LOO 
signoniacen 750 
Bombacacens 140 
Bor winacene ? OO 
Bromelhacene 1,600 
Bruniacens 75 
Burmanniace 60 
Burseracene 600 
Buxacene WO) 
Cactacens 1,500 
Callitrichacen 25 
Calveeracens 40) 
Calyeanthacen 6 
Campanulacen 1,500 
Canellacene 2 
Cannacene 1) 
Capparidace i 400 
Caprifoliacene 275 
('aricacene 2) Ww 
Carvophyllaceae (3 2 100 
(asuarinacenc SO 
Celastracene 500 
Centrolepidace if 32 
Chenopodiacen 1,400 
Chlaenacens 25 
Chloranthaceas 10 
Cpstacene 175 
Clethracenc 30 
C‘lusiacens 10) 
Cochlospermacen¢ 25 


4 


ND 


KNOWN 


[eats 


Alk 
Pos 


29 


Is 


ONOMKK 


iloids 


Neg 


Se 
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rABLE I ( 


ontinued 


Alkaloids 


pec Total Pos Neg 
Combretaceas 500 2 19 
Commelnacene 600 5 
Compositar 20,000 82 115 
Connaraceas 410 l 
Convolvulacene 1,200 1 15 
Cornaceae (4) 112 5 j 
Crassulacene SOO 2 3 
Crucilerac 2,500 5 3 
Cucurbitacene S50 5 10 
Cunoniacene 240 } 10 
Cycadacene 100 l 
Cyclanthacens 5 
Cyperacear 3,200 2 
Cyrillaceas 5 l 
Dichapetalacene 5) 125 l l 
Dilleniacenc 275 Ss 
Dioscoreacen 6 650 6 54 
Dipsac LCM 160 2 
Dipteroc irpacen 350 
Droseracen 0) 
Ebenaceas ‘ 16 
lac ignacene 15 5 5 
I laeocarpace if 125 Q 
Klatinacene ‘ 30 l 
EK pacridacene 350 8 
Mricaceac 1,900 ] 6 
Kriocaulacenc 600 
Eervythroxvlaceas 205 y 2 
hucommiuace if 2 2 
Kuphorbiacene 7 300 13 73 
Mupomatiace i‘ 2 2 
lagacene 600 4 
Flacourtiaceae (7) 850 3 23 
bh lagellariaceac Ss 1 
Fouquieriace if 7 6 
Frankeniaceas 34 2 
Crentianacens SOO 6 l 
Creramacene 850 2 5 
Cesneriaceas 1,200 l 
CGlobulariaceac 23 
(netacene 45 7 3 
Cioodeniacens 300 ll 
(csraminene 5,000 10 16 
(suttiferae (8) 750 14 
H if modor eons 35 l 
Halor igncene 100 3 
Hamamelidaceas 100 5 
Hernandiace if 25 5 2 
Himantandraceae 2 l 
Hippocastanaceae (9) 1 
Hippocrateace u“ 150 5 
Humiriaceas 20 
Hydrocharitaceas uO 
Hvdrophvllacene 265 2 
I rinacene 225 5 


TABLE 


Species 


Irid iene 


Juglandace if 
Juncace if 
Juncaginaceae (10 


Labiatas 
Lardizabalace u“ 
Laut 1Cene 
Lecythidace if 
Leguminosae 
Lemnace if 
Lentibulariaceas 
Liliaceae (12) 


(11) 


Linace if 
Loasace if 
Loganiace if 
Lor inthaceae 
Lythraceac 


M ignolhacenc 

M ile she rbi iene 
Malpighiaceac 
M ily icone 
Marant wen 
Marcgraviaceas 
Martyniace ‘¢ 
Melastomatacene 
Meliaceae 
Melianthaceac 
Menispe rmacene 
Monimiacene 
Moraceae 
Moringaceae 
Musacene 
Mvopor wene 
Myricacene 

M vristicace if 

M vrsinaceas 
Myrtacear 


(13) 


Najadacene 
Ne pe nthacenc 
Nolanaceas 
Nyet iginaceat 
Nymphaeacene 


Ochnace if 
Olacacene 

Olea ene 
Onagracene 
Orchidace if 
Orobanchacene 
Oxaldacens 


Palmas 

Pand 

inadnnacene 

Pay iveracene (14 


Passifloraceac 
Pedaliacene 


, 
Penacacene 


( 


ontinue 
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Alkaloids 


Pos 


Neg 
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rABLE | 


Species 


Philvdraceae i 
Phytolaccaceas 125 
Pinaceae (15) 210 
Piperaceac 2 000 
Pittospor Cen 200 
Plantaginacen 200 
Platanace i“ s 
Plumbaginacene 100 
Podostemaceu 100 
Polemoniaceas 265 
Polygalace it ,00 
Polygon woes SUO 
Pontederiacene 28 
Portulacacen 500 
Potamogetonace if 120 
Primulacea 800 
Proteacens 1 200 
Punicaceas 2 
Pyrolacen (16) $2 
(uinacene 20 
tafflesiacene 22 
Ranunculacene 1,500 
{apate ene 25 
Resedacene 70 
Restionacens 250 
Rhamnacens 550 
Rhizophor wen 70 
Rosacenr 3,200 
Rubiaceas »,000 
Rutacene 1300 
Sabiacenr 65 
Salicacene 440 
Santalacene 250 
Sapindace we (17) 1,100 
Supotacene 600 
SUrraceniace me 14 
Saxilragaceae (18) 1 200 
Scrophulariacens 3,000 
Simaroubacene 200 
Solanacene 2.200 
Sonneratiacene 12 
Sparganiacens 2U 
Staphyl woe 24 
Stemonacene 249 
Sterculiacene 750 
Stvlidiacene (19) 125 
Styracace mae 120 
Symplocacens 300 
Paccacene J0 
Taman eone 100 
laxacen 13 
Theacens 20) yn) 
Theophr istacene HO 
Thymelaeacene Wi) 
Piliacens 100 
lremandracene JO 


Prigoniacens 4 


Alkaloids 


Pos 


~ ow 


Neg 


te 
WS ty bo to 
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lohowing barrailie sometime 
lv, are included in, or are synonymou 
with, the families given under the 
ng number l Away 2. Papayacens 
, [hl ebracen 1 Alangiace if 

N yasacen § yn Chailletiacene 
manhnincen 7 Bixacen s Hyper ene 
W Acsculacenac 10. evn. Scheuchzenacence 1] 
Trilliacene 


Fumariace if 15 


correspond 


oon 


mcene 


Papilhonace iu“ 12 hile 
l Bersamace if 14 
Monotropace if 17. svn 


calloniacens 19. svn. Can 


3 syn 

odiacenc 16 vn 
Akania 18. | 
ao of ‘ Ternstroemiace 
Scytopetalaceac lovariaceat 2 
Stachyuraceas lrapaceac | 
Stackhousiaceac Trochodendracene 


Thelygonaceae, 2 l 


A generic table, published in processed 
lorn 
ticle 


as fi supplement to the present ar- 
(31), lists 
is alkaloid information Kiven so 
has 1434 names, of which 519, or 
36% , contain alkaloids It 


only those for which 
there 
the list 
may be ob- 
United 
Agriculture 


Branch 


tained by writing to the States 
Kastern 


Philadel- 


Department ol 
Utilization Research 


pris 18 Pe nnsy lvania 
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Where to Look for More Alkaloids 


| iking uu Table | 
s( al In the 
(Amaryllid- 


bird’s-eve view of 


items stand out most- 


looked-into large famulies 


iceae and Rutaceae), only 13% 
In vyeneral 
(235 in 


GY of 


been examined 
it is about 2% Qf 283 families 
the Table, 48 listed 
5700 species 

alkaloids The 


species nave 
ibove) then 


/ 


Wit! nave received noa 


tention as to following 


12 rather large families have just been 


touched (the first figure is the number ol 


“pecies the second the 


| percentage oO! 


them for which there is alkaloid in- 


lormation) 


Caryophyllaceae, 2100, 0.1 
20,000, 1.0 
1200, 1.5 
Cruciferae, 2500, 0.3 
(‘yperaceae, 3200, 0.06 
Kericaceae, 1900, 0.3 
Gesneriaceae, 1200, 0.08 
(;ramineae, 5000, 0.3 
Labiatae, 3200, 1.0 
VMelastomataceae, 4000, 0.05 
Oxalidaceae, 1000, 0.3 
3000, 0.3 


( OMmMpositac 


( onvoly ulace ae 


Scrophulat lnCeCHe 


At the 


which have 


other extreme are five families 


been most examined 


Amaryllidaceae, 1300, 13 
Berberidaceae, 200, 16 
Menispermaceae, 400, 10 
Pinaceae, 210, 10 
Rutaceae, 1300, 13 


Incidence of Alkaloid-Bearing 
Species 
Wi know 0 


both positive 


only two sets of data in 


which and negative 
listed. Webb handled 1793 spe- 
cles 11% ol these Our 


laboratory has s¢ reened about 1500 spe- 


=) 7 
Cies are 
were positive 


mies; 5% of them gave positive tests 1o1 


alkaloids These are gross figures, of 
all the known vari- 
such as plant part, age, 


The 


course, and embody 


ables, locality 


conditions of growth above 


ALKALOID 


centages might be higher if all plant 
parts under all conditions had been 
tested We beleve it safe to say that 
five to ten percent ol flowering plant 
species contain alkaloids 

4 study of the supplementary table 


of genera discloses some other points of 


interest Of the 1300 genera, 213 are 
large, containing 100 or more species 
The largest are Senecio (Compositae) 
with 2000: \stragalus (Leguminosae) 
with 1600: Solanum (Solanaceae) wit! 
1225; and nine others with 600 to S800 
Some genera ol note are 

jconittum (Ranunculaceae), 110 spe 


31 all 
Corydalis (Papaveracea 


26 te sted 


cies tested positive 


cles all positive 


Lupinus (Leguminosae), 150 speci 
22 tested, all positive 
At the other extreme are some whicl 
gave all negative tests 
jgave (Amaryllidacesae), 275 speci 


70 tested 
Ficus (Moraceae), 800 
Goodenia, 100 and 6 
Hibbertia (Dilleniaceae) 100 and 5 
Velaleuca (Myrtace ae) 100 and 7 
Plectronia 110 and 7 
Terminalia 120 and 
13 
Yucca, 30 and 29 


ina 16 


(Rubiaceae) 


(C‘ombretaceae) 


The table will be a guide to 

hunters on a genus basis 
Where are the best prospects for alka 

loid Table 


I, this question can be approached from 


hunting? Using the data in 


it least two viewpoints Considering 
the size of the families and the propor- 
tion of positive species to date, the fol 


lowing would seem promising 


Amarvlilidaceas Papaverace if 


Joraginaceae fanunculaceae 
Campanulaceat tubliaceac 
Compositac {utace if 
Leguminosa¢ Solanaceas 
| 


jAliaceae 
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Considering thre size ot the famuly and 
the paucity of information on them, 
pioneering work could be done in the 
following 

Acanthacea Labiatac 

( actacene Lor nthacene 
Caryophyllacea Velastomatacene 


Ni yrsinacea 


( rucilera 


Kericacent (xaldacent 
Muphorbi cout Piperacen 
Cresneriacen SNUaXlragucent 
(;ramimene Zingibe if if 
(other considerations come in, Of cours¢ 
ue is the availabilitv of the family to 
the huntel Furthermore if the hunter 
is strictly in mind the ultimate grow 


ing of the alkaloid plant tor commercial 


use, he would avoid some of the tamiles 


named 
Still another vie 


ny Ni Nal (14) 


cluding nitrogen 


ypoint Was submitted 


lectrolvtes in 


Sinee ¢ 


compounds ire tat 


higher in herbs than in trees and shrubs 


lie postulates that the law oO! tifes ac 


tion 


would indicate a greater number of 


organic compounds formed in herbs than 


In trees After surveying the informa 
tion available in 1941, he state Alka 
loids have been found in three times as 
many herb families as tree families (19 
6) The average molecular weight 
of alkaloids from tre pical trees Is much 
lower than that from tropical herbs 
From this viewpoint trv herbaceous 
families in the above list would offer the 


best hunting 

In the Gramineae eight alkaloids have 
ilready been found in 26 species ex 
amined. How many others will be de 
tected in the rest of the 5000 pecies ! 


Nor is the hunting restricted to the 
flowering plants Alkaloids have al- 
ready been found in six families of fungi 
and in tour ot tern The ergot alka 


loids have long been i tant in medi- 


Cine 


Apparently the alkaloid hunter is 
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entirely 
terial 


dependent on fresh plant ma- 


Webb (28) was able, within cer- 


tain limitations, to use herbarium ma- 
terial for qualitative tests 
The above discussion concerns the 


search for new alkaloid-bearing plants, 
irrespective of the the alka- 
loids. When it comes to looking for a 


nature ol 


particular alkaloid, or a particular group 
of them, the information to date may or 
may not be of help, since there are ex- 
amples in both directions. Thus nico- 
traditionally the alkaloid of 
Vicotiana (Solanaceae), but it 


tine is 
has also 


been found in Kelipta alba (Compos- 


itae), Asclemas syriaca (Asclepiada- 
ceae) and Sedum acre (Crassulaceae) 
Anabasine has been found in Anabasis 


aphylla (Chenopodiaceae) and in Nico- 
fiana The 
alkaloids occurs in six families 


glauca berberine type of 
On the 
other hand, lycorine occurs only in the 
Amaryllidaceae; and since it has already 
been found in 14 genera and 21 species, 
one would expect to 
within 


probably not outside 


find it in many 
the family, but 
Strychnine and 
just 
Strychnos (Loganiaceae). 


other places 


occur in one 
Find- 
ing them in other places would appear to 
be highly unlikely; in fact it would be 
an event 

Within knowledge alka- 
loids occur singly in about half of the 
species In the 


some Cc 


brucine apparently 
genus, 


our present 


containing them 

may be found, In 
the plant metabolism seems to run wild 
turns related 
kor somni- 


ferum (Papaveraceae) has 25; 


rest, 
several 


and out many closely 


forms example, Papaver 
each of 
eight species ol Erythroxylon (Erythro- 
xylaceae) 14: 


tube roaa 
Hola - 


(Apocynaceae ) 


has Corydalis 


(Fumariaceae) about 17; 
rhena antidysenterica 
has 16, 


Summary 


A study was made of present 
in the field of alkaloids 


activities 


Some surveys 


BOTANY 


for alkaloid-bearing plants are made on 


a regional basis, as in Australia, Rus- 
sia, Borneo and the Argentine. Other 
surveys concern particular families or 
genera These surveys involve the 
search for new sources of known alka- 
loids, and for new alkaloids, followed 


by a study of their structure and their 
physiological properties 

Through 1952 some 950 alkaloids have 
been isolated and named, and in 
cases their structures determined 
have found in 98 
genera and 1200 species 


most 
These 
families, 537 
A table of the 
235 major plant families is given, show- 


been 


ing for each family the total number of 


and the number of 


species species on 
which there is alkaloid information, 
either for its presence or absence. A 


supplementary table by genera, giving 
the same information, has been prepared 
and is available as a separate in proc- 
essed form 

It is suggested that these tables may 
be of use to present or prospective alka- 
loid hunters They indicate 29 
families where attention could be con- 
centrated, either because of the size of 


some 


the family and the known occurrence of 
alkaloids in them, or because they are 
large and almost entirely unexplored 

In general, alkaloids occur in five to 
ten percent ol all species The incidence 
is much higher in some families, 
lower in The picture may 
change with more research, since there 


much 
others 


is a record of the presence or absence of 
the 
flowering 


alkaloids in only two percent of 
191,000 
plants 


known species ol 
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Sesame. Seed of sesame (Sesamum ind 

ian n berbaceous crop gro ng p to tive 

et im height one of the world's oldest 

yurces of edible oil. Before World War II 

nt production of the oi imounted to 

bout three billion pounds, the bulk of it in 
hina, Tt nd Burn Phe cro grown 
re ‘ eXTCTIBIVE ( ' \lanel ' 

ty \r ‘ | ryptlian Sudar ,igel Purke 

treece, the Soviet Union and Latin Amer 

In ll mf rnishing edible n these 

rewior ‘ hole seed relishe n the Or 

nt and Atri f ret mat 

hood Line! eT ! more | tive tots 

roduct ' ie v on hy t ¢ of 
tL former entered orld trad ind ! 
recent ve ‘ nt h ecreased 
I") Stat mport the seed } ( 
ri iro 1 million pound n 1954 to 
rhit re thay J nm pounds in the 
r year 44 Former most of these in 
por came from China: tod Latin Amer 
can countri ire the rincipal Ippier to 
the U.S The chief market for hole seed 

n tl country is im the baking industry 
vhere one-third to two-third of total eon 
umpthion serve is topping for bre id and 

ro the form in which the seed is most 

familiar to the American publi Sesame oil 

expre ed from the remaimder ised a i 
ilad or cooking oil, in shortening and mar 
garinge ind in the manulacture ol soap 
Minor uses are fixative in the perfume 
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il 
‘ 
| 


} 
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of genet U.S. Dept. Agr., East. Uti 
Res. Branch ARS-73-1 1955 
Y nuso ) ind Abubakiroy N kK Alka- 
oids of the Ranunculaceae Family \ 
Alkaloids of Delphinium ore ophilum 
Zhur. Obschei Khim. 21: 967-973 1951 
(Che Abst. 46: 516g] 
Abstract 
ndustr ind i earner for fat-soluble 
ibstances in ph rmaceuticals One of the 
minor constituents of sesame oil, sesamin, is 
ised for if nergistic effect in pyrethrin 
nsecticides, where addition of a small amount 
marked! Increase the eflectivene of fi 
nr 
Sesame has been grown in the southeastern 
State primaril i garden crop ince near 
e end of the 17th century, and benne 
sine eed CAKE ire traditional in those 
State (‘ommercial production on a irge 
eale for ou production has not, however 
DeCT mf 1 n thi count Two f{ 
tures inherent in strains of sesame availabl 
heretofore have accounted for this, namel 
Cr yt unitormity of maturity ind dehi 
cence, or opening, ol the seed « ip ules in the 
field, which re ts in seattering of the seed 
Che first difficult vas readily remedied by 
erection of unilormi maturing pure line 
from foreign introduetior but not unt 
1943 wa mutant gene for indehiscent sec 
capsule discovered In 1953, for the fir 
time, indehiscent strains were tested in se 
eral States ind seed of these non hattery 
vanieties are not vet available commercial 
When they become so it may be possible 
harvest sesame mechanicall ind profitabls 
in the United States, where the high cost 
labor renders it unprofitable to harvest t 
hattering type of the Old World. (M 
Kinman, Chemurgic Digest 13(2): ¢ 19 
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JUTE 


Especially as Produced in West Bengal 


This important plant product, used more extensively, 
probably, than any other vegetable fibre except cotton, 
was long a monopoly product of Bengal. Division of 
: ‘ that land in 1947 between India and Pakistan created 
production and employment problems respecting this 
crop, the solution of which, trom the Indian viewpoint, 
is discussed in this article, along with an account of the 
fibre itself, of the plants which furnish it, and of the utili- 
zation that has made it an item of world-wide importance. 
BIRESWAR BANERJEI 
Department of Geography, Univermty of ¢ tta, Ty 
Introd on lst = production Che fibre is still a monop- 
Phe Plant 52 oly product of northeastern India and of 
Taxonomy and General Characte 152 
—vewcreang Ae ing What today is Mast Pakistan, for, despite 
Cultivation 154 ill efforts in recent years to initiate jute 
Climatic Re ( 14 growing in other countries, India and 
Soil Re 4 ~=Pakistan continue to produce about 97 
bie very Land = percent of the vorid supply Phi 
Selection of Seed 158 CGanges-Bra maputra delta remains the 
Sowing 160 true home ot jute cultivation 
\fter-Treatment 160 In 1947, when Bengal was divided into 
— “werred ot tcaadnons a — Kast Benga now a part of Pakistan 
The Fibre. sipniiie ig7 ond West Bengal, now in the Indian 
Extraction 167 Union, jute production uffered badly 
Yield 170 «and in the ensuing season of 1947-1948 
Storage 170 West Bengal produced only 39 percent 
Uunantion Ml of the total jute output of the Indian 
Keconom of Jute Production inp We 
Renee! 172 Union. In 1947, immediately after the 
Literature Cited 174 partition, only 266,000 acres in West 
Acknowledgments .........046. 174 Bengal were under jute cultivation, but 
Introduction »y 1952-1953, as a result of diverting 
land from rice cultivation and by re 
Jute fibre, native to India and for claiming waste land, 836,000 acres were 
. generations a commercial monopoly illotted to jute, an increase of 214 pel 
product of Bengal, was introduced into cent within five vears Chat vear jute 
world trade through the East India  aceounted for about 38 percent of India’s 
Company by the end of the 18th cen- total foreign currency and for about 62 
7 . tury Originally obtained from wild percent of her total dollar earnings. In 


plants but soon subjected to plantation the 1952-1953 season West Bengal pro- 
production, this fibre has been produced duced about 52 percent of India’s jute, 


in Bengal for nearly 200 years on ever in increase of 12 percent in five years 
increasing quantities of land, until by Trade in jute during the post-partition 
1907 an all-time maximum of nearly years has become a lucrative enterprise 
four million acres were devoted to jute in West Bengal 
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Details of this recovery, of the jute Linn., ¢ trilocularis Linn., C. aestuans 
plants and of the procedure in furnishing Linn.) are wild species rarely used for 
the fibre to the markets of the world are — this purpose 
the subjects of this account ( capsularis and ¢ olitormus are her- 


The P baceous annuals with straight slender 
e s 

, lants stems; the former attains heights of ten 
Taxonomy and General Character- to 


twelve feet under cultivation, while 
istics. Jut plants belong to the genus the 


latter grows even taller ('. capsu- 


hi ] llowering spray of one species of jute Corcho 


us capsulari 


Corchorus of the family Tiliaceae, Cor-  laris is distinguished from C. olitorius by 


its glabrous leaves, small yellow flowers 
tributed throughout the tropies of the and rather 


chorus consists of some 40 species dis- 


globular seed pods The 
world Kight of them occur in India leaves of both are bright green, acumi- 
but only two (C. capsularis Linn. and nate and serrated, four to five inches 
(’. olitorms Linn.) are useful as com- long 

mercial sources of fibre rhe remaining C’. capsularis is the 
ax (C depressus Linn., ¢ antichorus 


Raeusch, C. fascicularis Lam., C. tridens 


more popular ol 
the two cultivated species and accounts 


for nearly 75 percent of the total acreage 
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This 


nature 


under cultivation species 1s 


pre - 


ferred for its hardier Unlike ¢ 


olitorius it grows on both high and low 
lands, withstands water-logging and can 


be sown and harvested earlier, so that 


the cultivator is able to raise a crop of 


transplanted paddy after the jute har- 
vest 


the other 


in June and July. C. olitorius, on 
highlands Its 


limited 


hand, prefers 


cultivation is therefore because 


of the general lowland topography ol 
West Bengal. It surpasses C. capsular 
however, in resisting stem-rot disease 
ind in yielding a greater quantity of 
jlite (2) 


Diseases and Pests. ‘There are several! 


diseases and insect pests which cause 


specially 


considerable damage to jute, ¢ 


when plants are young, and they affect 


the yield of fibre considerably 
The common stem rot Is caused by 


Vac rophomina phase oli (Maubl.) Ashby 


It affects the plants at all stages of 
growth and eventually causes death 
limely and eareful cultural operations 
in the growing stage ot the plant offer 


control, namely, clearing and burning 


diseased material ipplication of lime, 


if the soil is acidic, and of potassium 


sulphate 


SoTt rot rolfsi 


caused by Corticrm 


(Saee.) Curzi, is a soil-borne disease 


affecting the collar region of the plant mn 


Rotation with other 
“vtent 


disease in jute is 


humid conditions 
crops checks it to a great 


Fungoid compara- 


tively rare: C. olitorius: and its red- 
stemmed varieties are Immune Fungi, 
however, are the chief destructive agents 


of jute fibre anc of products in storage 
manufactured from it 
Among the insect 


three kinds of caterpillar 


pests the worst are 


Indigo cater- 


pillear (Laphygma f rugua), Jute scemMi- 
looper (Cosmophila sadulifera) and 
hairy caterpillar (Jjiacrisia obliqua ) 


Chey either attack the leaves and check 
feed on the 
Insect i ides 


growth or apical buds and 


top shoots such as lead 
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calejum arsenate and lead 
as well as 0.5 percent HHG 
and 0.75 percent DDT, have been proved 


arsenat 


chromate 


effective in controlling these pests 


Cultivation 


Climatic Requisites. 
ish best 


Jute plants flour- 
with moderate water supply 
with 


They thrive well in 


heat the optimum 
75° to 95° FI 
65 to 90 


season the 


rains moist 


temperature being 


humidity varying from 


percent, and during the crop 


maximum temperature rarely 
exceeding 100 Ih 
below 60° | 


In northeastern 


with a minimum 
hardly 
India trie 


towards the 


monsoon 


generally sets in middle of 


June; until then the crop sown during 


the previous hot weather period of March 
to May has to depend entirely upon sub- 
soil moisture and northwestern showers 
The pre-monsoon 


snowers are very im 


portant and are highly beneficial. Two 
to three inches of rain during the sowing 
season followed by occasional showers of 
about 


one to two inches at intervals of 


a week are indispensable for suecessful 


The 


pre-monsoon rains varies with the loeali- 


growth of the plants amount ot 
In Bengal it amounts to over ten 


Bihar to 
Orissa to three inches 


ties 
and in 
Most of the 
of Bihar and Orissa, therefore 


inches, mn two inches 
crop 
nas to bye 
June During th 


sown in monsoon 


period there is generally a surplus of 
rainfall, but forthe crop alternate periods 
rainfall are 
excessive rain, saturating the 


of sunshine and moderate 


desirable 
soil, delays both sowing of seed and their 


after treatment. Jute plants when near- 


ing full growth are tolerant of water 


which does not submerge them, but 


young ones are particularly sensitive to 
water-logging which checks their growth 

Soil Requisites. Jute grows luxuri- 
antly on loamy soil from which it can 
absorb rain water in contradistinction to 
sticky clay neither 


which absorbs nor 


parts with its water as readily as loam 
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Or sandy loan ( lavey soll Vie lds i ing temporarily unde! OnLY 1 lew inches 

short crop while i coarse fibre is ob- of water, whereas others are submerged 

tained from sandy loam. Jute fails to to a depth of six feet from June on- 

grow in water-logged soil wards; a few are inundated only in July 
In West Bengal there are two major and August 

types of alluvium—old and new Phi The old alluvium becomes very hard 


new alluvium is generally found near during drought and prevents spreading 


irge rivers especially in their deltas. and ot the roots This seems to be one of the 
is the alluvium soil par excellence Phe main reasons for its unsuitability for 
SOlis O1 The mayor portion Ol Be ngal West cultivation ol t hie crop Jute cannot bye 


hh } Piantation of ow nd Corel ( onut iims im the bach 
y 1 and | y ! nd Beng Phot ee 
( / 
Ol the Bhagirathi River belong to the wuece tuliy grown in iit-lnpregnated 
old alluvium The whole of north Ben sO118 
gal, with the exception of the hills, and Soil analysis is hardly a guide for se 
all of South Bengal belong to the latte: lecting sites lor jute cultivation Neve! 
category theless, the optimum oil ingredient 
Almost the entire crop ol ite in West may te pre sented as in Table | 
Bengal is cultivated on alluvial soil An important feature of the jute 
The important tracts are situated mostly vyrowing land in West Bengal is its ex 
in deltaic areas at 1 low altitude ind tremely low altitude t major portion ot 
with small gradient During the mon it rarely being over 100 feet above sea 


<oons these tracts are flooded. some be- leve This low elevation is indicative 
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rABLE I 

OPTIMUM Sor | REDIS ror Succ ; 

Cut! on ov Jute (1 
Insoluble silicate "70 % 
“apllilple silicate 0) 25% 
Ferne oxide 60 9 
Alumina 26 O 

Lame 20) 

(‘arbonw wid 2 WY 
Mangane 0.10% 
Magnesia 010% 
Potash On 
Soda 0.25% 

Organic matter and combined 
whats nitrogen O10, & 20% 
100.00% 


of the deltaic nature of the typical jute 


yrowilng arenes 
In short, the jute plant thrives best in 


moist heat and moderate rainfall In 


cultivation it has done best in the sandy 
alluvial lowlands of the Ganges-Brahma- 
delta Bengal as 


and soil and Is 


putra such climate 


therefore, ideally suited 
lor growling it 
Preparation of Land. Land for 
ing is generally prepared after the first 
March Deep 


and, since th 


SOW - 
rain in February or 
ploughing is essential 
plants have roots which go down about 
one foot, the land is ploughed and cross 
After 


ploughing of clay soil, clods of earth are 
broken by 


ploughed several times each 


means of harrow Five to 


eight ploughings and several ladderings 


are usually needed, The ladderings clear 
the soil of weeds and compress it slightly 
Soil is thoroughly pulverized to obtain a 
fine tilth 
Manuring. 
posit ol 


Owing to the annual de- 
flood 


almost 


rich silts on the land 


manuring is unnecessary in the 
river valleys and deltaic regions of West 
Bengal little 
manuring is 
Jute 


In highlands, however, a 
conducive to a good crop 


seems not to be an exhaustive crop 
Theoretically the crop removes no valu- 
able plant foods, the 


of jute land remaining the same 


productive power 
if leaves 
and othe parts of the plants are allowed 


to decay in the field after harvesting 
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(;sreen manure is especially beneficia 


since it influences the physical character 


of the soil by making stiff clay 
soll to retain a 
Henes ute 


ll on Jands where 


and allowing light sandy 
greater amount Ol moisture 
Is grown particularly we 


peas or lentils vated as a second 


crop or in those areas where rotation ol 


crops is common Generally cowdung 
two to and 


Decomposed 


ichhorna CcTas Lpes 


jour tons per cre, wood 


ashes are used as manures 
water hyacinth (k 
Solms.) or its ash produce = good results 
sometimes artificial fertilizers are also 
used. Experiments have shown that us 
of lime and potassium sulphate can re- 
move stem-rot diseases and that ammo- 
nium sulphate increases the yield of the 
fibre ( ompost } } 
vield in ¢ 


the yield 


manuring high 
olitorius 
increased beyond rat 
Application of 20 to 
410 pounds of nitrogen per acre 
yield of 30 to 200 


Split applications Ol ammonium sulphate 


gives a 
capsularis, but in ¢ 
cannot be 


reasonable limit 


vives an 


increased percent 


in two or more instalments are 


more eco- 


nomical than single 
Selection of Seed. 


selected mature 


bulk application 
Propagation is by 


seed Selections of good 


stock from seedlings are mad 


Irom imM- 


proved varieties of ¢ capsularis and ¢ 


olitorius. Of late, the local daisee vari 


ties of seed are being replaced by im- 
TABLE Il 
Yrevp per Acre or Severna IMproven Vanrieries 
or JuTe Seep (4) 
Vir ld pet were 
Variety in maunds 


(82.2 Ibs.) 


( capsula i 


C 39-212 30.00 


C 41-13 27.32 
Tap Red 23.95 
Fanduk 2131 
( 42-Kj-34 20.22 
C’, olitorwus 
040-753 26.09 
040-632 25.69 
039-620 23.86 
Chinsura Green (CG 18.76 
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Fics. 6 & 


lowland (* 39 


7 ypical scenes in marshy land of Beng whe ite en ire retted and fibre 
xtracted from them 
proved strains meveru Wnpro ed iri cap ulari bred by the C.overnment ol 
ties of both species have given good re Bengal are LD 154, which gives higher 
sults in different localities under varied yield than the local varieties; C 42-K) 
conditions $21, which gives high vield with bette: 
some of the :mproved strains of ¢ quality fibre 
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212, an early maturing variety also giv- 
ing high yield; © 41-13, another variety 
of higher yield by 15-30 percent over 
Of these varieties, D 154 


accounts for over 50 percent of the area 


local varieties 


under this species 

Of the various types under C. oli- 
torius, Chinsura Green is most important 
and popular in respect to cultivation in 
Bengal, accounting for 75 percent of the 
Other varieties 
evolved by the Jute Agricultural Re- 
search Institute (039-620, 040-632, 040- 
653) have proved to be more resistant to 


area under this species 


stem-rot disease and have given higher 
yields than the variety Chinsura Green 

It thus appears that there is no diffi- 
culty in raising the average output of 
jute by 20 percent or more merely with 
improved seed. Such seed provides fibre 
of better quality which matures earlier 
by three weeks, thus making the land 
available for a second crop 
found that produce 
plants of greater height and basal diam- 
eter, and consequently much better in 
yield of fibre 


It has been 


irradiated seeds 


Damp climate Is not productive of 


good seed, as rains tend to produce 
mould on the ripening pods which seri- 
ously reduces the germination capacity 
of the seed. West Bengal, with a long 
therefore, is not suitable 
for furnishing seed; a drier climate like 
that of Bihar or Uttar Pradesh is ideal 
for the purpos¢ 

Sowing. In lowlands jute seeds are 
generally sown from the middle of Feb- 
ruary to the middle of March to avoid 


flood and water-logging In intermedi- 


rainy season 


ate lands sowings are made from the 
middle of March to the middle of April, 
and in highlands from May to the mid- 
dle of June 


Seeds are generally sown 


broadcast, along and across the field to 

ensure even distribution; then laddering 

follows to cover the seeds 
It has been found that line-sowing 


and inter-culture by the ordinary wheel 
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hoes worked by hand are economical and 
give good results tow cropping or line- 
sowing eliminates wastage of seed, en- 
sures uniformity in spacing and growth, 
reduces the cost of production by 30 to 
40 percent and increases the yield by 250 
to 600 pounds per acre over broadcast 
Line-sowing by hand, however, remains 
much 
required in this 
In order to eliminate such diffi- 
culty, a new hand-pushed drill was de- 
vised in 1951 for row cropping of jute on 


unpopular with the tillers, as 
labour and time are 


process 


a large scale 

The germination capacity of C. capsu- 
laris seed is greater than that of C. oli- 
forius In © 
pounds of seed per acre are sufficient to 


capsularis, nine to 15 


raise a successful crop, while five to 11 
pounds are necessary in ey olitorius For 
seed with exceptionally good germinat- 
ing power the rate is eight pounds for 
(’. capsularis and six pounds for C. olli- 
forius 

In the presence of soil moisture, germi- 
nation takes place within a week. A 
fresh ploughing of the field and a second 
sowing with better seed are usually done 
if the first sowing fails to germinate 
within ten days 

After-Treatment. Jute plants respond 
to early weeding, thinning and muleh- 
ing When they attain a height of six 
inches the crop is weeded twice by hand 
or wheel hoes. The weak seedlings are 
removed, and the plants are placed in 
spaces of 4” « 6” or 6” «6”. In closer 
spacing the outturn is obviously less and 
the growth of the plant is stunted. An 
increase in spacing usually increases the 
height and thickness of the stem. Well 


cared for plants sometimes attain a 
height of 15 feet or more 
Harvesting. Jute plants require 100 


to 130 days from seed germination to 
maturity, and the crop is harvested from 
June through October, C. capsularis usu- 
Harvest- 
ing may be performed at three stages in 


ally earher than C. olitorvus 


162 


Moist 


(Right). Dried jute fibre packed 


tie development ol the plants ai when 


the flowers begin to appeal 6b) when the 


plants are in full flower or fruit; c) wher 


ill the plants are fully mature. Usually 


however, harvesting Is carnmed out at the 


second stage when about half of the 
plants have fully developed fruit Phi 
vield then is good and the quality ol 
fibre excellent At the earlier stage, most 
plants are immature and the fibre is 
weak and low in yield: at the later stage 
the fibre becomes coarse and redadis! 
Distribution of Producing Areas. Jut« 
fibre was first exported to the United 
Kingdom in 1795, where it was recog- 
nised as a commodity of ti ule Phere 


been demand for it at the be 


Hiuist have 

ginning of the 19th eentury, for in 1855 
Rovle (6) made a survey of the distri 
bution of jute in different districts of 
fJengal which then included West Ber 
val, Kast Bengal (now in Pakistan) and 
portions of Bihar, and in 1874 Kerr (3) 


reported on the cultivation and trade in 
jute in Bengal In 1872 the 
under this crop Was about 926.000 acres 


with an estimated output of 500 000 tons 


total aren 


of raw jute In 1892 the acreage came 
to nearly 2,000,000 acres with an annua 
output of about six‘million bales of 400 
pounds each In 1907 this acreage was 


reported to be 3 RR 200 which byoype “irs 


to have been the large st area ever under 
ition 

Krom 1908 to 
between 2.4 


thr 


rte Cult 


1921 jute land varied 


ind 3.4 million acres; during 
pPostw ir cle pression in the veal 192] 
came down to 1,581,358 
1] | 


fluctuation tollowed 


22, th 


~. acrenye 
Then a period ol 
until 1927 
3.846.200 


In the early 


when the acreage rost 0 


thirties there Was a fal 


of 15-20 percent as compared to the late 


thirties But a rise was recorded i 
1933 in spite ol the low price then pre 
Valling which was followed by 1 de- 


| | 1 
itions In acreage « ot oweve ’ vere in Be In 1947 u r Ben 
“Vrie ronis V) ( ce Oo contribute ba ed erect t ¢ tiv totu 
P raw jute Wit i 0 i on} roduce oO ite j tit | e pa 
yroductior nd prec thy Ove ent t on of Bet " \ugu 1047 ore that 
thought it nec to control cu 70 percent ol ‘ ite ( ! wna 
tion throug egislatio \ecord vy in ere ceded to Pal d the jute u 
° «i"? } 
1939 all the ite oladin ol Be ere lust Wi be oOo reed " 
egistered, and further increase ite eareity of ra ‘ \\ in a short 
icmrTCcHnYgte Vas not i Owed But ( l man of {) F wa ‘ ‘ ; ‘ icrenae 
of World W Il. the demand fo ' of iute tn Wi Ry ' 1a heen 
ite mcrensc ind to cop vil tiv ‘nereased consid th ‘ ( ertil the 
owll nee Ol t if | t ny] 
t Wi eed ( ‘ il ( pro itumn ee ind to * h, double crop 
dueing bu ds ite b ete for ind 
0 Vint ree ( 1) ree wu 
pel ible Var requirenmiel more te 
on ol t¢ wna 
“wi to be brou ft unde ite cult illo 
( nine t ot rel wuNnae! 
\ pilot to plot survey oO} l i} aed | ‘ vv BENS BEA ; ' . 
: ; ’ ti) | ' nim. f_enth t 
Bengal, undertaken by the British Go _ on .——- y SUL OU Ien 
ernment in 1944-45 to gather agricu Vil respect to jute nee the plant and 
tural statistics of the State, revealed t il i Tibor “pan two ti eclo inns 
ute, with 2.082.000 acres under culti eountry economy { wurture ind i 
tion, Was next to paddy in this respect austry (On the agricuitura Mie it pro 
Of the 2.5 million acres available a ule des cimnployinent to bout t millon 
. 
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eulitivators on tive Industri oO abou 
300 000 worke« Jute also is the largest 
agovar earnet Ih) India In 1952 it i- 
eounted lo! ibout 62 yx. cent of the tota 
dollar eceipt ind about 38 percent ol 
tota foreign currency earning The 
necad 10 sucl Income is now specially 
irgent in view of the finance required 


Yea 


Indi i 


P| if} 


tOOK eve 


ror tiie hr} { Henes tive (,0' 


ernment ol ry possible 


inid—cnpee 


136 & 14 


ition 


Anothe rie 


tint 
ih oO 


ontra 


step to mcrens production ol one ot thi 


most essential agricultural raw materials 
Pakistan remained a surplus country in 
respect to raw jute, but she imposed 
trade barriers on the free movement of 
raw jute to India. Hence the price rose 
from about Rs. 25 per bale in 1946 to 
more than Rs, 200 per bale in the years 
ifter the partition, This price incentive 
for growing a scarce commodity gave a 


good start to India’s jute self-sufficiency 
1949 


CXpansion 


program whiel initiated 


But the 


Wis in 


best stimulant to ol 
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ireu ince ite Ca ( Irom the Korea 
War boom whi took prices to about 
Rs 500 per bale in 1951 

After the partition, West Bengal was 
left with only 266,400 acres of jute land 
which produced 648,000 bales of jute in 
1948 By 1953 the area had been in- 
creased to 836,000 acres, producing 
2.412.000 bales or 51.39 percent of th 
total Indian output that year. ‘Today 


vhereby 
a 


100-pound bale 


the head 


{ter 


laborers 


being hoisted | 


tances on 


W est 
State 
The 


conveniently 


Bengal is the 
thy 


largest jute-growing 


in eountry 


Wi 
divided 


jute tracts Bengal may 


bye 


in st 


nto tour Zones 
is follow 

a) The region lying east of the Bhagi- 
rathi and Hooghly Rivers, exclud- 
Ing the southern portion of 24 Para- 
ganas district, and the Hooghly 
and Howrah districts to the west 

of the river Hooghly 
by The central region of Malda and 


West Dinajpur districts 


1) \linot regions oO} spa 


The first zone comprises 


of Murshidabad, Nadia, 24 Paragana 


Hooghly and Howra This region 1s 

marked by flat alluvial land, humid eh 

mate ind loamy soil of imexhaustibl 

fertility It COMpPrises ibout 60 percent 

ot the tot il pute icrenge oO} We | sengn 

()t the total cropped irea, the portion 

devoted to jute has been increased trom 

ibout ten pereent 1947 to more than : 

25 percent \{ pre ent the highest cor + LS tos lk ger | a y- ke rr 

centration is in the Baduria region in the ad tr a . : 

northeast Of the 24 Paragal is district 

ind in Tarakeswar-Poorsoora! egion mn wecounts for 13 pereent of the tota it 

the district of Hoog ily hot "4 rons tract ol] W est Ben i ind 3 notewortr 

account for more than 30 percent of the or its yield of superior quality jute 

ute land in the total cropped irenu | { ourt ZO aivision, thie ren O11 
e second zon comprises the a nor nportance lf t ou out the 

triets of Malda and West Dinajpur. The southwestern part of the state, In t 

soll of both districts varmes in fertility re rowt ol itt “npered by the 

The Raiganj region on the west, drained rd tateritie so Phe southwestert 

by the Navar and Mahananda, and thi portion of Midnapore district, however 

Jalurghat region on the east, draimed by Vith the uVin oil of the Kasai and 

the Atral ire typical sites ol dense it¢ the Rupnarayvat | notubl i iiso the 

cultivation The central part ol West Purbasthali region on the Bhagi ith, 


Dinajpur ind the eastern part ol \I vida the district ol urawa 


are unsuitable for jute because of the The phenomenal increase of acreage in 
proverbial infertility of the red Ol Oo} recent yeu! has occurred in and around 
the region This zone account for about those places where ite rena Vu thie 
16 percent Oo] the total ute iwrenge Of} rentest ot 1047 ws and earlier In tiie 
West Bengal The proportion of jute northern districts of 24 Paraganas, Nadia 
land to the total cropped ren hhs how wma \I Irshdabad t rhit imounted to 
been mncreased to 20 percent as against about 600 pereent Dut mum the vestern 
ten percent in 1947 district \ is Midnapore, Burdwan 
Thi third region COnmiprise tive a ind KBirbhun it ins not beer oO great as 
tricts of Cooch Behar Jalpaiguri na In their counterparts east of the Bhagi 
Dar eeling with concentration ol ult rath | esc lacts uggvest that the re 
cultivation on the riverine flood plam markabl INncreine ti trie easter ( 
Che proportion of jute land to the tota tricts mav be attributed to phvysieal and 
cropped irea Varies rom regio! to economic tactor im the vestern district 
region It is five percent in the Rajgar fo natural lactors ind in the northern 
area in Jalpaiguri district, and 30 per districts to remotens ol market ind 
cent in the Sitalkuechi-Gitaldaha area in higt cost olf transportatior The in 
sout! western ( ooch Be rial This region creased icrcude im tive ree region 


JUTE IN 
the result principally, however, of higi 
selling prices ot raw ute distribution 


of seed of improved strains, scientifie 


methods of cultivation replacing primi- 


tive methods. ready supply of agricul- 


tural labour and suitable climate 


contributory to. the expanded 


acreage 
has been the utilisation of autumn paddy 
In the district 


than 90 perce nt 


land for jute cultivation 


ol Hooghly alone more 


of such land has been transferred to jute 


The over-all transfer in West Bengal 1s 
estirnated at 200,000 acres, but the recla 
mation of waste land for jute is only 
55,000 acres, and double cropping in 


winter paddy land with jute is estimated 
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The Fibre 


Jute fibre is generally known as “ pat 
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probably derived 
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boring Prov nee 


Extraction. ‘The fibre is obtained trom 
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Poisonous Plants of Greece 
The distribution, flowering period and abundance of 185 
species, growing wild in Greece and injurious to grazing 


cattle there, are here listed. 
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POISONOUS PLANTS OF GREECI 
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tute the following condensed version. So mucl remote times Not until after the pas 
! re containge the ft weve t t j 
Hained K, how age of thousands of years did men «de 
hie tudent of ethnobotatr vy « . 
velop a system of writing, and tor th 
! t i is} wi ‘ { th org 
' , entire earliest records. we must go to the tertile 


alleys of the Euphrates, the Tigns, and 


SPICES IN THE ANCIENT WORLD the Nile 


if 
In the beginning, untouched and uw There we find the ancient cultures o} 
disturbed save by the hand of God, thi the Assyrians, the Jabylonians and the 
cumin and the anise of Kigypt puve ip) kigyptians According to translations ° 
the cent to the gentk Medite rranean of tablets now in the sritish Museun 
breezes Which cooled that and land In tive Assvrian gods «i ink a wine O1 ses 
neighboring Asia, sweet marjoram grew ime which thus is the earhest mentioned 
ind inknown monsoons brought ruins to erb on record 
1208 page Chen il Publishing ( sesame Was a source Ot [ood Vine 
In 912 bifth A New York 10 1953 $450 ind oj ind its production Was in ; 
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tit uid ll { 1 
mated by the Samal 
lor enol ot vout 
tand about the tempi 
‘ rie eir ( 
i t té i) t 
{ ince oO ( cst i 
fa o lo time that 
ara ive up thie 
i then the ®& | 
kee eople « 
the igi established 
it 32000 BA d amo 
il I ( i) \ 
! { { ( ( i 
‘ i i twee 
thy den of one o 
! 0 ( re Oo} a 
ecorde 
\ ( | ere ¢ vy ¢ 
otus (;reek historian t¢ 1s4 125 B.A } proyed liwatie i | tura 
eaid it was the only oil used by th that the veet tra ce of the spree 
Babvionians. And Theophrastus, Greek = should have been assot ted with purity 
scholar and famed plant student (¢e. 372 by the incient Po the that whiel 
288 B.C.), commenting On sesame O01 Vas ou mieliiy vould be a manilesta 
said if Was specially receptive tor the tion ol ¢ oniv to be con batted ana 
making ol perlurme and particularly overcome by the cleat vectne ot the 
rose perlutne because ol it iscid qua rromatie na Oo, lor cleansing pu 
ity ind, when subjected to fire it wive post trie pie hound great ivor in the 
out a smell of sesame eve of the priest An early example 
According to Herodotus, on one of this might be that of Gudea, Pates of 
oceasion sesame prevented the castration Lagash (c. 2450 B.C.), who, in prepara 
of a number of innocent boys Per) tion for the building of a temple, purihed 
inaer Tvrant ol (Corinth (665 the city by pecial rite ind kindled a 
B.C.). foreibly sent three hundred son fire of aromatic woods to make a sweet 
: of noble Coreyraean families to Ayatte ivor tor the goa And it is probabi 
to become eunuchs (On their way to that this was the beginning ol the pra 
Sardis tne guards put Ith it Samo tice ol Using Spice to lumigate tiie 
. . ind the Samians learning what Was In treets ol cities Dbelore roya init nad 
store for the boys hurried them into the to ward off disease in time f plague a 
temple of Diana where they took sanctu done in Europe during the Middle 
ry Since the Corinthian guards could Awe 
not enter the temple and take the boy Spice plants played a part in mat 
they stopped food supple rom reac of the ineantatior nagical rite na 
neg them lo prevent the boy Heme ecremone periori ed by the priest ! 


behalf of those piagued wit! cK 0 
iMering from spells and bewitchment 
In the second tablet of the Maklu seri 
of Assyrian incantatior iddressed 
chiefly to the kire-gvod e perlormance 
Ol the mtua Vas t be aecol inied by 
thie burning of the flower of sesany Ir 
the fitth table hint nd Cussla pla 
prominent part ly thie Ixth table 
ol tive SHuarpu eri midre “ili tay the 
god Marduk in be ill O t mia Vho 
i demo! Wisp ied wit CK trie 
mriest Vii to chet nto thy fire ti pod ¢ 
iriv COTTAIN ect ind ober Lp 
fanes ly other eri Ol incantatior 
( Lyne rie pleasant oc ind oO} 
ere to ty et belore tive on 1] tiie 
moliant vere to il! Mosoiution ana 
purit (On the oecasion of the illness 
of the Baby iOnlan King Sha i ru 


(668-0648 BC). twelve esa 


euke vere called tor in the ineantatior 
lor the hand tIsin | iver to Sil tii 
moon mi He recovereq of to bt ! 
to ce ! ter il ] owl pPulrace 

In the Vay ot life, the Babvloniar 
vere i people lond of magnificence 
They con umned lot ol pie ind =the 
pice trade Vil tL major ma wrat f 
busine n Babvlor lo er market 
the ie made their way by boat and 
caravan trom widely scparated pomts 
ind the merchandising of spice ind 
pice products in this ancient city was 
reat enough to merit mention with he 
trade in gold, silver, and precious stones 
In the 18th chapter of The Revelation 
ot St John the Divine 

hie Meyptiat = beleved the Spl rm 
turned to thre body ol the adecea ed ind 
is far back as the 4th millennium before 
( hirist the hod ol king ind other 
why placed persons We're preserved 
igainst decay alter deat ny a ystem 
Of mummifieation whi in time, be- 
came quite Claborate Phe spices first 
used in the Mumm ying rocess may 
have been anise and cumin. and perhaps 
“weet manoran ite! Vhetr CmMnna 


Mor ind Cassia lound their way into 
Kgypt, these two barks vere among the 
ehiel emball ng piece 

In describing one of the three methods 
Ol embalming Hy oqaotus tells us that 
the bodies of the deceased were filled 
Vitl the purest myrt CASS14 ind 
every other sort of spieery except 1 ink 
of ( He chloe not mention the 
ise ol la or other spice In his ade 
cription of the second and third meth- 
Ods Of embalming which might indicate 
thie oy Cost ol pices particularly 
those Vhich had to be Imported Im Cary 
Kyyptian times. Cinnamon and cassia 
ire not native to kgypt, and these spices 
could only arrive in that countrv after 


ong transport ind rep ited handling 
Viine must have made them very 
COstly 
The incient | yptian no less tha 

their contemporary in AVE opotamla 
ised the spices to make unguents, per 
fumes and holy oj About 2500 BA 
Pharaol Sankhkere ent ships to the 
ind of Punt, which seems to have been 
the rewions on both side of the Lower 
Red Sea and the Gulf of Aden, and in 
1500 BA the Egyptian queen, Hat 
shepsut, sent an expedition of five ship 
down the ted Sea to this land for aro 
matics According to her records, the 
=| Ips took on board a goodly cargo ol 
fragrant wood of Grod’s land heaps 
Ol myrrh-resin, Ol tresh myrrh trees 
cinnamon-wood With incense CV C-COs- 
met All these fragrant sub- 

inces were necessary in their way of 
ife and for their rites and ceremonies 
Che dead were anointed with holy oils 
ind scented unguents had their place in 
Kgyptian funeral ritual 

Among numerous other references to 
the use of spices in the ancient world 
Herodotus recorded that during the 20 


vears required to put together the 2.300 


0OO blocks of stone in the Great Pyra 
mid of Gizeh, the 100.000 men who 
pbored constantly on the project ind 


radishes And 
rhehes. writte: ANCIENT MUDDLE 
overed by ri Grer ( l mol tor! el ) 
tte! ! ill Of | \ i ‘i by t t | 
( indred re Hat l ore > 
ned | int ol \ ( r ! ( rain 0 ‘ i ey “ 
ce naer, Caraway SOs iliie ina itirol | vot to embain trie 
The ancient cities of Thebes Memphis nd cinnamon were 
cd ( optu lo! i long time vere tl Ol mnome 0 ‘| 
ortant is ! irketing ind dist buti trie { ot the tute 
eenter ror Thes¢ spices | eCntualls \l ose ! ‘ Vvilderne 
r vere icceeded by the reat city ol Cn Vu ‘ 
Alexandria which became rhe endl wre a CInA ! 
emporium tor trade in Orienta pice er naise | e old 
It retained that position until the a citv of Babvlo 
cendency of the Portuguese in the 16t But cassia and cinnan 
century A.D » Eeyot or in the land 
The first native to ¢ 
SPC! roe Hory Brisui 
Tne thie econd o ( 
ly thie Hols Bible nice are ‘ nesryys \Nialabar coast « 
tioned in numerou ries ( erg Vi nd bt Viile peopl 
the Old Testament, bot Peciuiea4l na lragrant spice bart I 
| eneral terms, beginning in the Book lle kast? Some mat 
of Genesis, chapter 37, with the spice Egyptians and Hebr 
mere ints Who houghit Josep! rom ] ( ri il rut it irh 
brothers in the vear 1729 B. The fir ( ! ‘ ove mour 
mento! is In the 18th chapter ol hie icrTo INnhOspiiabty lt 
Revelation of St. John the Divine wher vhat today are India 
the 1a ol the rreat city of Babylon \ighanistan and Irar 
loretolid with its concomitant ce hol IKE] that the vere 
ol t ade in cinnamon, and odoul f One enul ng nation 
omntments Between these first ire Ices \ ( enum rot 
t allusions are othe to balm. mvri of the | t Ind | 
cor} nae! yeet CALA facte or 0 could nave en fa 
( rmibanum frankincense eum ive maritime commerce 
nt iliise Cassia and cinnamol \ ind the Phoenicia il 
en part ofr Soiomon s yveatit Via (le itive ind |! foryv ot trv 
ed tron tre traflick OT the ee ire col dered. the ¢ ( 
mere int ind wealthy King Hezel i of the lorie 
ol Judea owed mue ol rie é tO I) art ‘ PP rat 
] er rold preciou one ( wert not ie inulact 
pie Phes« ou pies vere ¢ trade! il ( odu 
pioyed to make 00d more pulatanbt l 8) trie ow ind dealt 
thy preparatiolr ol pe! imed ont trie aena ! ‘ ers ot 
ment ind oO] or religious ceremonie { indise moving betwee 


1 


194 ECONOMIC 
LOuUt Les Le 10 ( ‘ to ¢ 4 
: ; 
art 4) tive 0 ‘ ce ‘ 
hil { ore ( ( If 
7 rie fioner ‘ t, ‘ ( 
i 1 ci {) | ] ( tiie 
Pp ocniemt vere not of ! ( rit 
but genera ere rif 
tyiatye ry ( f ( ott mie 
ehandise ‘ indled, of course 
but piee trac " thi mainst 
| { ere ou ere int ( 
al wedi t¢ i trace 
ne} boring coust | of Alrica t ! 
| tial cule ! ricat i Ole 
1.) Cul ivo \ Arabial rie 
( nt Vho carr pice lrol (ead 
ta ] yp one ».606 Cul ivo ind I 
Vii iro Arabia t il the ship 0 Hat 
epsut sailed with einnamon to Egypt 
ome 3,500 year ivo 
Phe Sout Arabi depended or 
the aromatic t de aimost entirely to i 
J { : oon | cy t! ded { ‘ I Ira int 
run ind resins in the Red Sea and u 
the Persian Gulf, and it is to be expected 
! if they entured of Vovagdt 0 eX 
Naor ol 1 enre 0 rh pies to meet 
the growing demand in the Middle East 
lor aromatic We cannot point to then 
iV] mine te) Co tn OovVvages 1 
tii | ist I! ery eur tire Mmymore 
than we could to thre Phoenician Dut 
ve cun clears or Vy the rather thal 
tiie Phoenician ould have mace ue 
Voyugt | C CINNAMO! A Wl Vil Cli 
ployed ry trie | ryptial queen Hat 
epsut, in 1500 BA ind the Cassia and 
cinnamon whi the Israelite ised Wi 
the rite of the tabernacle in 1490 BA 
i had to come trom nee indis lal 
ther east, and it is only reasonable ( 
conclude that these fragrant barks came 
mito the Middl | ist DY Wav OL a spice 
dealing people; and no people in all r 
Middle Kast excelled the Arabiar i 
spice merchants 
The yholie cousta region of \; il) 
from the Persian Gu through Hadra 


‘ut to the Ked Sea Kn ( ol 
tin rol tic T e of Sout Arabia er 
dured e Sabaeat ent then 3 
overse r nice ind. for centuri 
These wrote iccessiu ;wnopolized 

e trade mn ¢ ind cinnamon. be 

een easter yee lands and the Mid 
dle last They cleverly concealed thi 
true ource O11 Ci ] ind ¢ Namo! nd 

aed these ! rant pice Dar to 

reat ia ntage | tlie imket Ol 

e Middle East 
1) rot tive lve 0 e Sout Arabial 
thy ere the eritage and their. 

tay Sout \rabial vere traders ane 

1110! ro ( ( t if ind. DV nece 

it Hitlist ive Ought new soures oOo} 

pied to meet the reat demand ol Nid 
dle hast people Cinnamon was early 

issociated wit ti rhiadyie ind Cus i 

ind cinnamor ere mported ind di 
tributed exclusive 1) them tor cel 
turn There can be no doubt that they 

Vor Live hounds Ol the trade vith 

| ister price wma it broug t tiie 

lirst Cassia and ci imnon to the Nhid 
dle [ust 
el 8) t rou  < ! tive 

( im ot C o6 n-(} race 

I vay to Souther! ] ind 

ol Cevior Irom where Vi Col eyed 

together with the Malabar cinnamon, in 

Arabian ‘ ( to the Persian Gulf 

Some Cassia and cinnamon must have 

Decel mded at Omar ind Tron ere 

{ I wrted by Coun train to \) il) 

Felix for the trade with Egyptiar nad 

Hebre A eae Ose \ earmed to the 

end ot the Gaull for transportation into 

Baby onlin ind Assyria by Vii 0 thie 

Tigris and Kuphrates rivers 

THe ARABIAN Spice TRADI! 
Sout Arabia became the great spice 
emporium oO! thie incient yvoria in 

Sout! \) bial thie Cit CT ! t Vinny 


| i Ol ct 
ster ol i ( \ ] iT ( scle ! ilk ( Phy \ \ i end 
miesthe ind imported ee It \ ot ite! yheren the othy wi a esi 
their intention to let outside! ‘ tor ble fragrance part ilarly ited to the 
mie wwout their aetivit ind to i iture and custo ( the eople of ‘ 
their trade secret thev invented and NMliddle | t 
pread ome erv tantastic talk re Pliny conte 1OUSIN 7 isscd 
hiculariy in regard to the origil i 1 0 Arabia a tii ind oO ee Put evel 
ductiol ol the \ cit tle na thet Arabi Vil ina ial 
cost pice bark cassia and cinna bee or centuries before e spe 
| 
inded down to us by Herodotu Theo trace va myilnenss T if p 1 wy 
rustus and Strabo, and apy té ‘ ol Zea e Arab ver tute na 
been accepted by then I hie eld that co etent. and the old the (| waned 
t hye ee vere produced vy Arabia i! on thy nice trade bel e the day ol 
dea t prevailed unt ttacked by the Herodotus, they maint ed lo ufte 
Roman naturalist Pliny the Elder who the days of Pliny 
claimed =f I Arabla produces nemne! 
by , ail | OF SPICI | rHeE ANCIENT COREE 
CMINAMO! nor Cusslu ind hel ecoract 
ind b ted the incient mvt p . 4 I) ROMA WoRLD 
\ \ e to the Vil' Arabiar nee ( | i ina peace ) ae ina ove 
( int ind KNeW t if the ad peel temple na irena if (i tutble thie 
bluffing a ilon t t they did not pre pices had their part iu ‘ es of the 
duce Cassia and cinnamon in the coun wcople of ( incient Creel ind Ro 
try ind that lor centur Lhe 1 Told man wort I} preparation tor the pa 
ridiculous stories in order to keep up thi ie of the Persia urna oldies 
rice of their barks trudite as he wa burned all Kinds of spice on the brndee 
owe cl Pliny did no more t il ibst Put 1)’ \erxe iro thre Hy if pont 
tute one TAlMACY lo! mothe! lo if aur | \ i inst the Crree} my thy 
claimed that Innamon grow In othe th century betore ¢ t hye adie! 
COl Ol tin het lOplan CUSS1u ol Vl mae thie (,reat irching 
row not Tat? irom thie 1) ! ‘ ere t ou (,0eqcro i rol Ind) ised pies 
cinnamon is produced "! lan for tent cover ind bedding 
Pliny ilso) mentior ne ind Laure ‘ es decorated the weapons of 
eardamom i product Ol Arabia ine Romar oldie! ind i rned then 
ipparently lit ui heard that One lusce id ow thie Romat enern 
cardamom grew in India, but actually vrapped the dispatehe I) © 800) 
( i] no more idea ot the true o ! e of the anoent Gree ind Ro 1) 
these spices than he had of ca 1 al rice vere the essence of perso! 1x 
cinnamol We can be ire that the Ta ind at mportant part f public 
. Arabia lnported§ ginget! ind card mectior banqauet imnd party (‘arda 
mom toget hye Vil Ca li nad cinna ) iO Ch ] CINNAMO! ind Veet mal 
ind that a thes rice vere part ¢ oran Vere ‘mol thy neredient of 
they rent ina VISE] protected trade theovy pertume ind Lrpse hy j fenne 
hn ove eu iromaty ( oO! aderingo the eave eormndel | no! 
nature oO] 4 rou product | nae! their aphrodisiac Spee eented o} to 
at vy thev traded in them to oothe the kit vere irt of the rou 
Ul exciusion Of pepper, whi tine of the bat} ind used bv athlete 
they elt to otney Peppe nad ttie to to mom the hod | ell Vine Vere 
recommend fsell ft thie people of those fl ec Vitl mies ana mong thei 
1 nv ti P| ! re Kiteher ioplement thie | ortar 
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it ie three famous pre-Columbiar Diaz. in discover the Cape of Good 
DOO ihe Canterbury Pale trie ey Hoy | il i e year Pedro de Co 
( Cron ¢ Boece Cel ne The \ ! im lett Lishor nd went east by Vu 


lp ind cro ed tie \) Lolan se to Cat 
Spice ISLAND 
nanore rol vyhere the vent to Calheut 
In the 15t eentury, the pice f f In Calicut e saw large gquantities 
oi? rT | ist ind Middl | / vA ao eppel ind ringe! and he ard that othe 
nated by Moslen merchant The pices vere brought there from more 
eastern pivotal points were Calicut, Co distant places From Calicut he went to 


ombo ind Malacca ly tive Middle (,0a and then to the island of Horn 17 


Kast, then reatest market were Con mm the Persian Gulf where he 2aw 
“tantinopl nd Alexandria spices rreat trade In spices Having noted 
bound for Constantinople iro. India enrelully ‘ ul CO] ind heard ww 


(‘airo and sent a full report to Lisbon ond vovag turtle eare ol the ¢ 
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\l lli¢ | i ut ir tive mundant " ce oO en ould 
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CHRISTOPHER COLUMBUS SAILS West 1 
f rar to be the case It 3 mace 
FIND THE SPICE Is! D 
food ‘a pice ‘ unknown to 
( olumbus aia not ! i { it) ' Hot | ar tppre il lI! ( ‘) lint ‘| \ ina t! 1 
cally traimed perso! wit! hin Ol ( olu Du eould not mauire ibout i 
isits to the New Wor dou ear ot thre pice ‘ ( to " (lid 0 PY ; buat 
spice islands of tl Mast, and n had he found the natives u t pies 
notes he much regretted | nab oO! vcd he ithered it fro the allspies 
ty tO DASS udgment o1 Tihie pDrolusio!l tree oO} Jaman i rhe oui no cf 
ot new plants which he tound The or tainty ive earned ek to burope 
) ints that suggested tlh pice 0 tiie Lt ney pice oO! rpere Ist Iie I a Iie 
(Qment were the native ¢ ipsicum pepper KnO @eilve Of these roduet " i T 
and a kind of barl known toda. cl ( Clove ince it oma } MW i! 
white cinnamon ((anella nlerana to t if ot the elove In the tace of] ! 
vl } lig ; y ; j j | f ; | 
\ wt i i Silv trot l¢ mmilor res¢ repented re erence fe) ] Lich ol know 
} ; 1 , ’ ; 
Hing nat Of true cinnamorl I} ose edge Ol plal ind pice plant in pou 
manne! noweve!l rie succeeded l pe! tie Vi dst tf] | ! ! ! 
! Vel ied dT Lit | uid no ive et in ul 
‘ ling +} <r nei &) ' nt) } , } ; { ; 
jadi ek ind een eb ensonable ml iK¢ 0 nit ra) Ave 
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ie Late = ! ‘ ore! Vere ind Cochin on the Malabar Coast of 
round thy wee Dut apparent thought nitery inder the contro Ol King en 
‘ peck ol pep nd called it manue ind the actories were roya 
V ienta. whiel ecount or its botanl factor manned by royal officers who 
‘ rae Pimenta othe na ind t dispatehed the spices oO] India to Portu 
other commor ni ( piment Jan ia nit i POVal sips Phi : gs 0 Portu 
cn na" ge a Paes on vere not different tre 1 the incient 
When Columbus dic 1506 “he had kings of Egypt in keeping control of th 
ot reached thy itt ! eourt ol i wnoportant nd highly profitable peer 
| tern empire nol meined the tra wae 
tropes ‘ Ol the | ister! el ar | kor teenth century the Portugue se continue 
Ww there nad heer no iromatsy nd to trengthel tne sans wOware CO 
tungent Clove mee rutiye QO! trouing the ice trad ©) pracuals) 
TT of re iragra CMNAMO}! or cu lid iperseded the Moslen ‘ 0 had sO 10 
not evel i decent epper! But tine monopolized the U fhe ind they Hnalty 
em Ol tiv | ist Irclue qd ied fil to nroug ft compiet . to Vener des. 
tie W, indi nd bn the ind of d covering the prime ource ot hert Lele 
America where name onored I pice the Tamed Spice Islands Ol the 
Ihe a COVE ‘ ot ¢ ristopher Co | ist Indies ind then by controlin 
Wahu opened thy West Trcic to the them | ‘ Portuguese lost no time : 
trade and commerce of the world and it consolidating thei position in th Hast 
vu not ong betore thie pice 0 tive Inde Phe vere ecurely entrencned 
busast ver Introduced nto thre West it Malacca and effectively commanded 
Poday tiv vorid nest ninvger core trie strait ind they buat forts al \m 
iron Jamaica innadsdL nutmegs wna oyna, Halmahera, Celebes Pernate and 
nace ol Carenada ire exported to i) Pidore vyhere they hike piee-tradin 
part of Aric ica ind | rope The Cay tactori Phe yer no ery succes 
wun pies of the New Wor (i; were ine iu inh protectil their interests in tne 
troduced into the Old World. and today Banda Island ind hecause of the pet 
t hing useclu peppel ure cultivated ww tent ind at time lolent Opposit1ol 
many part of kur ry i! Afmen Ind i Ol the native they vere not uD vo 
East Indies, Japan, and other distant fortify adequately the large islands of 
ma Sumatra ind Ja i 1 the Isiand Of 
Sumatra tive NMloslem natives aoggedty 
" 
Cue PorTucurse MASTER THI ought the Portuguese for the control of 
Spick TRADI the pepper trade of the island, particu 
Aiter lo n Cabot, born in Genoa ind irl\ I! tive nort On the island 0 
ter a citizen of Venice, made In un Java unilar conditions obtaimed hie 
ttemprt inder Engl iuspices to reac! hatred which existed between the Chr 
bee all @ spice « following nort |} tian in iders ind the \loslem aerlenders 
ern route to the New Wor ad, the Portu cannot te overempha ized ind Limost 
sea in to consolidate their gain evervwhere they vent the Portugues 
equired ft Out da (sama | t mader net Vith cunning ubterluge nd Trus 
the command of Pedro Aly ure (‘abra tration, 1i not violence But the Portu 
indd eontronted by sore lighting ind guese Were not deterred and went steadily 
ot cl caifh lithe ! cy est iblished spice mead Wit! thew progran of exploitation 
trading lactorv it Calicut, Cannamore of the Kast Indies Native unks wer 


found in the south China Sea, along the Islands were finally reached by a west 
coast of Borneo and the Banda sea and Vard journey around the eartl Nlage 
in the interest of] Onopoly the Portu lan did not eto see the acoml ment 
iese resorted to a orts oO ethods to of his mission, for he id been killed in 
curtail these . na trade! They did eombat ms the PP? vine x mont! 
not ntend that ny price ould eCuve enariiel 
the Kast Indies except in Portugues Chis fateful event deprived Magellan 
ship 0 personally enjoyil thie ory that 
Krom Malacea, the Portugues vould have been his upon later return 
reached out to Bur i, "1a ( Ina ana ! to Sp ! Dut it ‘ lortunate tol 
oO! Bu ( | nia ( ) (} cpp l etth ( er Oo] | tat i! ed thie 
Sit Hut these countriv aid of export ourne,s p itetta It ! ent te 
trie nengre yee tt t tire inal the ! ! nal eh who ke rithfu 
Port iwies¢ ther more " potent ecount of f it ‘ iv nid enl 
market ned it J to t f e tod eu 
Che Mosle ind Venet throttled debted, not on for formation regard 
the Portuguese now held a strangle-ho ne the terrific urd of the exped 
on the spice trade in Kurope e price tion as vyhole but more | ticularly fo 
0 epper ind other pice Degn to 80 description of the clove nutmeg 
lI i art Ol roy ind resentment nee ind cinnamon WV ( thy irvivol 
grew as strong iinst the Portuguese a ound in the islands that the Isited 
d grown against the Middle East The crew bargained for these commod) 
monopolists betore them Cothey | iro al ma ive mm exe nae " eed mon 
pean powers sought a means of break quantities o ot ( ors. knive ool 
the grip of Portugal on the spice trade of w-g ind article ( bra ind 
the Onent ind intrepid marine! re Coppel 
ented themselve it the co { of | in ( | (it the co (i ¢ sol) finn «ie 
Vil an Vict vould carry the to C‘ano, Mage ins » \ foria returned 
thie Spice | ana ind opel i Vu oO! fo Spall Vv) i iond ot} piece t et ent 
these powers to ire ll tlie rent pice ilte iVil departed o7 thie ourne' 
yeait OL the Kast Vilage il ed () t i ‘ to iCCOMp! Nn the first eireu 
| incuste! lo! her wna ind bhetlore tlie the first time the rain oO oO in time by 
16th century slipped into the past, Var wh a voyage, and to rea the great 
Houtman for Holland nice emporium by following the setti 
il The clove Vere old most 
\MIAGELI QJUEST Dp FURTHE! disome profit. and t on Wet Gnaia 
ATTEMPTS BY THE BRITISH 
vas well pleased. He honored Sebastiat 
In September, 1519, Ferdinand Nag (le { ano wit 1 cout of arm ‘ whoa 
in, spurned by his own Portuguese ki Wied im it irrangement two cinna 
tiled under the Spanish fla to see} i tick three nmutine nd twelve 
vestward route to the Indi lwo vea ove He iso gave iW ers roo 
nm neariv two mont lmte! fer ¢ meTislOl | ‘ rolien tral 0 tive pie 
maul Tit intold hard }) ind a COVCOCTII Vil rire Driliiant tft il r el ’ 
the Straits that were ever after to co Next the Britis! purred by Mage 
memorate his nearne two ol] _ hilt it) conauest endeavored to rene! tiv 
entered the port ol n isiand caiied ] Spice | nds by the Northeast Pa iu 
B that ent the lamed Spec sround the orth Cape of lkurope, and 


LOCONOMIE 
by the Northwest Pas ive While it stil 
Vas hoped ify One Vhere in North 
America While i this Was going on 

the Portuguese were waxing fat from 
their prosperous spice trade in the Last 
Indi Phey 14 obtaimed a ire in 


Irom where three and a ti] miiillol 
OundEs O} pepper ver ipped ve riv to 
{ na and India ind they had sucee 
lily conciuded treats Vith the Suital 
of Brunei which not only opened up the 
‘ vr trade o Borneo, but enabled 
them to loliow 1 bette oute 0 \ia 

ceca to the Vio] ee i! trace r 

ind ot ¢ eleb Via ee wl bes ‘ 

reat yee trad ce ‘ to W i i i 

)) irge and mia that ied ( 
| ist Ind) i Wate! ere bout oO vO l 
pay custom to the Portuguese brom 
t! port thie Portu lem nonopoiized 
the ciove trade ot the \lo ee ind the 
nutine ind mace trade of the Banda 
Islands. But they had never known real 
et Witt the native I} the great 
pepper iand ol Norther Sumatra the 


them and 


Achinese king stoutly 


OP Poser 


ecessiully carried on trade in pepper 
and other spire wit Moslem merchant 
from Meeca Moslem traders in Java 
feadily sniped at their trade with the 
Spice Islands, and shipped cloves, nut 
megs, and mace to the Red Sea Portu 
vues rapacity brought ibout an up 


rising in the Moluceas and in 1574, thei 
fortress at Ternate fell to the Moslems 
Chen, in 1579, Francis Drake came, not 
by a northeast or northwest Pissage but 
in the track of Magellan It was the 
beginning of the end of the Portuguese 
monopoly of the spice trade of the Kast 


1580, Drak: 
his 
and bre ugiit 
Other Englis 
Britain 


lucrative 


In September returned to 
Plymouth, England, in 
Golden Hind 
i load of 
Drake in 


profits from the 


famous ship 


tiie with him 


spices hmen 1ol- 
lowed efiort to re ip) 


spiec trade ot 


the Indies But it was not the English 
who broke the powel! ot the Portuguese 
in the East Indies thev concentrated 


WITANY 


more on India It is the Dut Phi 
mere ints ol Ho rie yore in enterpris 
ing lot and they were every bit as kee 
i the London mere nts to rene thie 
spice Islands In lact Lhe vere ae 
termined to get their share ol the ight 
profitable spice trade; they were already 
it war with & ! d they were pre- 
parea to fight the Portuguese in the Kast 
Indies if nec In 1595, they sup 
phed the s nd money to send al 
( vedition to the Kast Indies under Cor 
Nie i \ iti Hout nul wma I! 1596 t { 
nadow oO tiv Dut ( cero ( 


Cue Durcu ANpD THE ENGLISH 
In 1597 Van Houtman brought home 
! ee mioads o pepper and nutmeg 
(Dy KY ol the 284 men who id ied 


from Holland returned, so costly in lives 


d the expedition been as the result ol 
scurvy and other hardships Phe su 
cess of Van Houtman fired the imagina- 
tion ol the peopie at home and stimu 


merchants of Amsterdam into 


pe pp I 


lated thie 


immediate action. The ind cinna- 


mon of Sumatra, Java ind Borneo; the 
cloves of Ternate, Tidore Amboyna, and 
other wiand ot the Nloluec is the nut 
megs and mace of the Banda Islands 

iii were now withil reac! S| ips were 


speedily made ready tor the tong ovage 


manned with sturdy sailors, officered 
with daring navigators, and 


competent 
staffed with discerning officials. In the 
year 1598 
left Holland for the 


thy rm 


ho less than five expeditions 


Kast Indies 


-tWO ships th 


ill told 


were twenty 


irteen ol 


which followed the ¢ ape rout and nin 
attempted the passage through the Straits 
of Magellan 

Phese 


pression 


made a good im 


{ xpeditions 


on the native sultans, opened 


trading stations na generally laid the 


the domination ol} 
Duteh Phe 


and it Was & 


foundation for 
thie | 


luture 


ast Indies by the 


spices were making history 


bad day for the Portuguese ’ 


The spices in the I7tl 


story ol the 


THE STORY OF SPICES 


eentur. s the storv of the decline il Iragrant ina Igniy desirable spices v 
ill of Portuguese power in the Kast and loree their prices up in the europe - 
f the conflict between the Dutel ind market lor th ne ent of the directors 
Englis for the nastery of the spie ind Penola of the Dutch East hh 
trade dia Company 
As part of this struggle, and angered At the close of the 17th century the 
Dy tiie hig prices demanded by thie Port iguese spice trade in the last Indie 
Dut the Englis} establi ed the fa Vas crus d, the Er Is! vere eit with 
nous Kast India ¢ ompany tor develop Dut a remnant of their tormer vane ina 
7 the part In the spice trade In Sep Che Lute vere Uri iIndisputed masters 
tember, 1603, one expedition dispatched of the East Indies, reaping the wealth of 
by this company brought to England t great spice monopoly The demand 
enough pepper to break the Dut now or easter pices id steadily increased 
on the market We do not know what n Europe and the trade was perhaps the 
the n Ket tor cloves Wa il it tine most profit Mle in existence at that time 
but historv records that i mioad of} hie nhumper Of ist lor th pice on 
ClO s purchased in tiie Spier Is nds 10 fla ori lood unc : im med! 
£2948 in 1606. brought the im Ol cine, cosmetics and perfumery had multi 
‘ - plied Spices were ought afte Dy ill 


£36 287 yvnen sold i eng wma voy i ! 
} Vhno could iflord then \ ith inerent 


ite! 

In order to meet this threatening col times, the pre sae treasured ut 
petition, the Dutel mere int ol An betwee! woop hey ert — 
stondious vho had been fighting among tiny presented to tate dignitarin on 
thenise es as we is against the Englis peclal occasions and i estive seasol 
and Po tuguese lor control of the trade offered . po ileal Dribe ver , 
banded together and lormed the equally DOTILSE to the COCK WOrK¢ ho un 
famous Duteh East India Company oaded th po P wequeatned in 
Atte. battles wit! trie Port Vues tiie Vii ind used a rent e term pep 
english ind t e& natives, thre Dut met! percort rent miecal OUaY t HOM 
chant ( entually gained control of the rent but In those day t epresented rea 
producing regions whence came the pep vue, Cinnamon was pe bps Whe MOR 
per, cinnamon, clove inger, mace | desired of al the grant awn nn 
nutmeg which they a vere t I to ticularly the bart rown in Ceylon whi 
monopolize I) 162 they vere ! i ii A ilue on the Kuropean market 
Osition to change the name of Jacatra many times that of the Malabar prod 
on Jai ' to Batavia Some time there ict or the ea im Of the | iT | ist | ‘ 
ilte from the Dutch headquarter: n trade in t pice Was one « une most 
Bata 1, 4 directive Was issued affecti ofitable of all to the Dut Mast India 
the cultivation of clove and nutime tree (compat vhich did not esitate to burt 
in the hast Indies (On al imsiand Cx Mmrge quantitie of the bark to Keep it 
cept those of Armbovna and Ternate ll rice get Not 01 i the trading 
thy \loluceas nals Banda group COMPAan profited INasOMery 1TOr 
clove and nutmeg tree vere ordered ey tiie entures into the Kast Indus but 

irpated Chis wilful destruction of tree em hues of their respective countrie 

Vhicl require yeal to Dri r (hey pice nad been materialls Hereased 1H une 
to fruition, reduced the production Ol ort and export ol pepper, « pa, CONG 
cloves, nutmeg ind mace to one-fourtl 101 ClOVCS singer, turmeri _ ne 
oO! that before the coming ol the Dut nutmegs 

to the Indies This was the Dutel Halfway throug tre 8th centur 

. ethod ot creati i eCarceity OL these the tide o ortune ne i LO Arie 10 


206 ECONOMIC BOTANY 
e Duteh East India Company. There Holland to meet the needs of Europe for 
Vere I I re Qj] or thi Dut the pri tel Veu!l Suc ! undance ot Clove 
( i ere the te] taken by the Fren Vi i threat to tie indsome market the 
nd Brit to break the Dute Mmonop Dutch str ed to maintain and. cons 
t 
) ) introauen pice plant nto thei quent irge quantith Ol cloves vere 
own oversen ( oni the jos ol Lute j committed to the f] ie irom time to 
DOsst ons iD lr lia, the export ol spices tine ny the Dute | ist Ind i Cor 
rom India by the Englis! east India pany 
(lompany tiie Britis! blockading 0} Siplliar conditiol existed in nutmeg 
Duteh Kast Ind in port ind piracy and production and quantiti ol thi pie 
mugyiin ny tle Vale of the Indi vere Also periods illv destroved bv fire 
The Dutch had angered Kurope by to maintain the Dutch monopoly 

making er pay aen Vy 10 clove nut In 1788 trie i tis! occupied thi \ia- 
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Vhich not more ft il 200 000 could be Aan al Vate! route to India so that 
disposed of annually in the Indi In Portugal might wrest from the Moslem 
iddition to the clove tored 1n Bat iVia traders the Sultan ofl Kgvpt and the 
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how greatly this spice trad is shaped Indies by the Spaniards in the 16 cel 
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